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ew winding-insulation tester is designed for 
nvenient, and effective production testing. 
e d-c armature of a railway-type generator 
‘tested. A voltage produced by the surge 
ir of the tester (right) is applied to adjacent 
ator segments through the contacts held by 
ator. As he moves the contacts from bar to 
: operator watches the oscilloscope screen 
the dark shield at the top of the tester. 
on faults can be instantly detected by varia- 
the magnitude and shape of the trace on the 
ope. (See p. 51) 
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You can always depend ~ 
on I-R compressors for real economy 


ec EFFICIENT OPERATION ~ 
e LOW MAINTENANCE CO! 
e EASY INSTALLATION 


TYPE 30 
5 — 250 psi 
7%. —15 hp 


Single- and two-stage, air-cooled compressors, available as complete 
“packaged” air plants, with motor and compressor mounted on an air 
receiver — or with motor and compressor base-plate mounted for con- 
nection to separate receiver. 


TYPE 40 
80 — 125 psi 
25—90 hp 


High-capacity, two-stage compressors with air-cooled cylinders and 
intercoolers, available with three types of electric motor drive: V-belt, 
flexible coupling, and unit type with compressor and motor on com- 
mon shaft. All units are highly efficient, compact, and light in weight. 


CLASS ES 
5 — 2500 psi 
5— 125 hp 


Heavy-duty, high-pressure units with one, two, and three stages — 


arranged for electric-motor or steam drive. These double-acting, hori- 


zontal crosshead-type compressors, with I-R Channel Valves, and 
water-cooled cylinders, are built for continuous full-load service under 
severe operating conditions. 


OTHER TYPES ... AND SIZES TO 3000 HP 


581-1 
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Ingersoll-Rand. brie BLOWERS e CONDENSERS e CENTRES aa 


11 BROADWAY, NEW YORK 4, N. Y. 


Whatever your compressed air requirementss 
there’s an Ingersoll-Rand compressor that’s righ 
for the job. As mechanical and compression effi 
ciencies are high, the unit will deliver full rated¢ 
output with consistently lower power require 
ments. With its rugged, dependable constructions 
the I-R compressor will stay on the job longers 
with less time out for maintenance. : 

You can be sure of receiving real economy 
from any Ingersoll-Rand compressor ...a ma 
chine that is economical to install, run, and main- 
tain. Contact your nearest I-R branch office fon 


complete information. 


CLASS X 
80 — 1251 
125 — 350 b 


Heavy-duty, double-acting, two-stage, water-cooled compress 
turing a completely new “L” design which makes them the s: 
most compact, most accessible, and most economical units € 
veloped: Pipeless, Thru-Frame Air Flow, packaged intercoold 
built-in electric motor save space — reduce installation, pow 
maintenance costs. 


COMPRESSORS e AIR TOOLS ¢ ROCK DRILLS 


DIESEL AND GAS ENGINES 
: 


Septembe 


So dependable, 


he didn’t even know 


a Lectrodryer was on the job 


This little Lectrodryer and Lectrofilter DRY and CLEAN 
the hydrogen that cools these giant generators ——> 


EA power plant engineer, harrassed by faulty business of DRYing air, gases and organic 
- functioning of controls, was buying a drier for liquids without any fuss. 

his instrument air lines. “How dependable are Yes, Lectrodryers are dependable—proved in 
Lectrodryers?”’ brought this astonishing reply. hundreds of plants all over the world. And you 
_**We’ve had one drying hydrogen for years. can also depend on Lectrodryer engineers for 
b Didn’t you know it was there?” the most economical solution to any DRYing 
_ DRYing the hydrogen that cools a giant problem. Tell your troubles with moisture to 
generator is a tremendous responsibility for Pittsburgh Lectrodryer Corporation, 302 32nd 
“such a little fellow. But it’s a family trait of Street, Pittsburgh 30, Pennsylvania. 


Lectrodryers—little and big—to go about their 

In England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 

In Australia: Birlec, Limited, 51 Parramatta Road, Glebe, Sydney. 

In France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI. 

In Belgium: S. A. Belge Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege. 


LECTRODR YER 


* REGISTERED TRADEMARK U.S. PAT. OFF. 
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THEORY PUT TO WORK 


Engineering fundamentals applied to actual system problems through the use of 
the transient analyzer yield solutions where nonlinearities, discontinuities, 
and transient effects introduce otherwise unsurmountable difficulties. Practical 
training courses familiarize power systems engineers with its operation. 

(See pp. 18 and 22) 
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HONORS 


PTEMBER is the month when the boys and girls 
ro back to school. In our country we are blessed 
this is a universal experience. We all went back 
shool in September, and today our children and 
rrandchildren are going back, and even some of us. 
one of our strongest bonds. 


1e schools of our land stand with the homes and 
hurches. They combine elements of all three. They 
the entire structure of our country; impart to us 
fledge, understanding, wisdom; define for us free- 
; inspire for us character. It is in our schools that 
rst learn to live together with other people. It is 
that come recognition and honor; come respect, 
m, and admiration for the abilities of the other 
w and for the service which he renders. As we 
nee through school and beyond, these become 
butes of great strength which should live with us 
rer, for we need them more and more. The schools 
arnest to maintain these which have started with 
\. 

was with happiness that we learned that Maynard 
ng had been honored by the South Dakota School 
ines and Technology when the honorary degree of 
or of Engineering was conferred upon him at the 
, 1951, Commencement. Maynard Boring has 
1 of his life to service for the students and grad- 
; of engineering from the schools of our land. He 
.dvised them, counselled them, guided them. There 


housands of engineering student graduates whom — 


an call by name, for he has come to know them. 
* know him, for he has helped them in the transi- 
from engineering school to industry. And the 
rtunity for continued service has been extended 
[r. Boring even more broadly, for the American 
ty of Engineering Education elected him a vice 
dent at its meeting in Hast Lansing, Michigan, 
, 1951. 

ntinued’ education in industry is one of its firm 
dations. This month K. B. McEachron, Jr., of the 
ral Electric Technical Education Division will be 
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starting for the engineers of General Electric the Ad- 
vanced Engineering Program in its twenty-ninth year; 
the General Courses in their twenty-seventh year; the 
Creative Engineering Program in its fifteenth year; the 
Engineering Training Course in its third year; and the 
Process Technology Program in its second year. This 
month the General Electric Power Systems Engineering 
Course begins its fourth year. Dr. Lindon Saline tells 
about it in this issue of the REvirw. And the Sales 
Engineering Training Program will be starting its 
thirtieth year, and the Business Training Course its 
thirty-third year. Thus does continued education serve 
to guard the heritage of advancement. 

We pay tribute this month to a great engineer-edu- 
cator who passed away recently. Dougald C. Jackson, 
Professor Emeritus of ‘Electrical Engineering, 
Massachusetts Institute of Technology, died July 1, 
1951. To those of us who were privileged to know him, 
Dr. Jackson was an inspiration, bringing into action 
all that was good and kind and sincere and worthy. 
His life span was eighty-six years. He was engineer- 
executive, engineer-teacher, engineer-soldier, engineer- 
author, engineer-consultant. He was in the beginnings 
of the electrical industry. He permeated it throughout 
his life. He authored the Canons of Ethics for Engineers. 
He was honored by Universities and Societies. He was 
beloved by all who knew him. Dougald Jackson was a 
great engineer; he was a great man. 

It is good that we are privileged to know men of 
greatness. We honor them. And in honoring them there 
comes into our lives inspiration for renewed service. 
And it makes us recognize all the more the contribu- 
tions that are being made, faithfully day by day, by 
all those who are working together giving of their 
abilities that bring honor to them in satisfactions of 
achievement and accomplishment though it may not 
be proclaimed. But it is there just the same, ingrained 
in the knowledge of a job well done. And it started 
back in school. In September we go back to school. 


EVERETT S. LEE 
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THE POWER SYSTEMS ENGINEERING COURSE 


An example of intraindustry education accomplished by the co-operation 
of a manufacturer and the electrical power industry. Participants in the 


course, teaching procedure, and application of power-system fundamentals 


By DR. LINDON E. SALINE 


Analytical Engineering Division 
General Electric Company 


Members o. the 


riety of power- 
system problems 


PSEC in one of 
their frequent 
meetings to co- 
ordinate material 
to be presented in 
classroom 


To supplement 
classroom instrue- 
tion, PSEC mem- 
bers work with ap- 


on the network 
analyzer 


blication engineers | 


PSEC work with | 
experienced en-— 
gineers on a@ va- 


Instructors of the 


i ae aes at a di a am ods ke me at 


12 practically all phases of business and industr 
has become desirable for the employer to pro 
orientation courses and specialized fundamental tr 
ing for the young technical employee. The orienta 
courses familiarize the new employee with comp 
policy and organization; whereas specialized fut 
mental training teaches the concepts that are the k 
for continued technical advancements of the indus 

Notwithstanding the desirability of specialized fun 
mental training programs, it has not been practice 
develop these programs in many industrial organ 
tions. For example, the financial investment in facil: 
for personnel training, as well as the training of 
sonnel, might be uneconomical if the number of | 
ployees requiring specialized training is small. 
solution to the problem of training specialized perso: 
has sometimes been zntraindustry education. Such ¢ 
cational programs are co-operative, concentrating — 
central point the training responsibility for some of) 
industry’s essential technical personnel. 

Intraindustry education is not a new idea; i 
founded on the same basic principles as the consolidé 
school systems that are common to rural areas, an 
is exemplified in commerce by Harvard’s Gradt 
School of Business Administration and the Univer 
of Michigan’s Public Utility Executive Developm 
Program. 


Example of Intraindustry Education in Electrical r 
Industry 


The need for providing fundamental technical # 
ing to engineers engaged in power-systems work: 
grown concurrently with the increasing capital inv 
ment in the electrical power industry. The growing} 
portance of electrical power to our economy has emy 
sized the need for more highly trained technical per' 
nel in the utility companies. Similar to training — 
grams in other industries, electrical utility training 
technical personnel consists of three basic types: 

(1). Rotating assignments within the enginee 

and operating departments q 

(2). General orientation courses 
(3). Technical-training programs in enginee 
fundamentals. 

Many utilities, however, cannot operate special 
technical-training programs on an economical b! 
Some utility executives and engineers have recogn 


(1) Numbered references are listed at the end of the article. 
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roblem and have asked for assistance from the 
facturers in their training programs. These 
sts have encouraged the establishing of intra- 
try educational programs. 

= such program is known as the General Electric 
r Systems Engineering Course (PSEC), which is 
yperative program between the General Electric 
any and the electrical power industry. This pro- 
of specialized technical training for selected men 
s electrical industry has two main objectives: (1) 
ch the fundamentals of power-systems engineer- 
and (2) to guide the PSEC participant in the 
sation of these engineering fundamentals. 

e PSEC supplements rather than supplants the 
r-systems engineering curricula which are offered 
gineering schools. Because the instructors are 
icing application engineers, the PSEC is taught 
an “applications” standpoint using classroom 
ssions, demonstrations, factory-inspection trips, 
ngineering-work assignments, all of which will be 
quently considered. 


ipation in Power Systems Engineering Course 

e first Power Systems Engineering Course based 
ussroom lectures (previously given only to General 
tic Company application engineers) began in 
mber, 1949 and continued until May, 1950. The 
tance of this method of teaching the fundamentals 
wer-systems engineering by the first class of six 
‘pants prompted the continuation of this program 
m expanded scale for the 1950-51 school year. 
ag the 1950-51 season, the class consisted of 17 
bers: nine from utility companies; four from con- 
w firms; two from the General Electric district 
s; andstwo from manufacturing companies affili- 
with the General Electric Company. 

€ participants in the Power Systems Engineering 
se can be described in three categories: 


1). Commuter members live sufficiently close to 
jenectady to permit their traveling to Schenectady 
> day each week to attend the classroom lectures 
1 to participate in other course activities. 

2). Resident members live in Schenectady for 


ries (left, 


manufacture 


Scheduled inspection | 
. trips take members to 
the various laborato- | 
high-tem- 
4 perature metallurgical | 
44 research) and through 

the factory (right), — 
where veteran crafts- _ 
men explain details of (re 


in the Central Station Engineering Divisions and in 
the Analytical Engineering Division, and participate 
in the training activities of these divisions. 


(3). Company (General Electric) members are from 
district offices, other works, or foreign affiliated com- 
panies. They can be either residents or commuters. 


Ideally the PSEC participant should possess the fol- 
lowing qualifications: 


(1). He should be intensely interested in power- 
systems engineering and the solution of his company’s 
and the industry’s problems. 


(2). He should have been with a power company 
from 3 to 7 years. 


(3). He should have had experience in the engi- 
neering department, or he should be peateinted with © 
the problems of his system. 


(4). He should have a knowledge of elementary 
differential equations and steady-state circuit theory. 


There are, of course, variations of these qualifica- 
tions and participants having different degrees of these 
qualifications have received many benefits from the 
course. Participants in the course have had as little 
as one year’s experience and as much as 25 years’ ex- 
perience with a utility. For the participants who have 
had only one year’s experience, the course has been an 
effective way of introducing them to the broad aspects 
of power-systems engineering and of giving them some 
of the essential tools for system analysis. On the other 
hand, for the older participants, the course provided 
an opportunity for them to refresh their technical back- 
ground, to consider current problems on their system, 
to broaden their outlook to potential developments in 
the power-systems field, and to exchange ideas with 
other PSEC members. 


Teaching Power-systems Fundamentals 

The primary objective of the PSEC is to teach the 
fundamentals of power-systems engineering. All mem- 
bers of the PSEC—regardless of category—participate 
equally in this phase of the training program: classroom 
lectures (one day each week for 30 weeks) in four 
fundamental power-systems subjects. 


(1). Advanced Circuit Analysis and Operational 
Methods, which gives the student the theoretical 
background necessary to understand and study 
systems phenomena, includes the basic circuit param- 
eters, network theorems, lumped-constant circuits, 
operational calculus, transmission-line theory, non- 
linear circuits, and general field theory. 

(2). Power-systems Analysis concerns the appli- 
cation of network theorems and symmetrical com- 
ponent theory to system networks and includes 
transformer equivalent circuits, machine theory, per 
unit quantities, one-line diagrams, analysis of un- 
balanced fault conditions, the two-component method 
of analysis for network analyzer studies, and the 
fundamental concepts of power-system stability. 

(3). Protective Relaying teaches the philosophy of 
protective relaying, design and operation of relays; 
instrument transformers, application of short-circuit 
data, and generator, transformer, bus, motor, and 
line protection. 

(4). Surge Phenomena includes lightning phe- 
nomena, switching surges, traveling-wave theory, 
transmission-line protection, station protection, 
grounding principles and practices, and insulation 
characteristics and co-ordination. 

The fundamental power-systems courses follow the 
trends in current power-systems engineering practice 
and are taught chiefly by application engineers of the 
General Electric Company assisted by Union College. 
All of the courses are closely co-ordinated to assure a 
logical presentation of the class material. In general, 
the teaching technique consists of lectures supple- 
mented by notes, assigned reading material, and prob- 
lems. These same classes are also attended by General 
Electric application engineers, but the class size is 
limited to about 25 people. The homework assignments 
require approximately 15 hr per week, depending on 
the background of the individual PSEC member. 

Basic theoretical and applied systems engineering 
presented in classroom lectures is supplemented by 
demonstrations on various analyzers and by laboratory 
experiments, to give an understanding of power-systems 
phenomena and to acquaint the systems engineer with 
modern analytical tools. 

Classroom problems in power-systems analysis are 
studied on the network analyzers to teach the prin- 
ciples and techniques of analysis which are employed 
in studying complex power systems. 

Traveling-wave theory, switching phenomena, and 
general system transients are demonstrated and studied 
on the transient analyzer. This device gives the systems 
engineer a background in the problem and techniques 
of ‘‘model representation”’ of power systems. 

A lecture and demonstration of the differential 
analyzer serves to apprise the course participants of a 
method of solving engineering problems requiring the 
solution of linear and nonlinear differential equations. 
It demonstrates to him a method of analysis employed 
in the design of power-systems equipment and in 
solving system application problems. 
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Application of Power-systems Fundamentals 

A secondary objective of the course is to gu 
PSEC member in the application of the power a 
fundamentals to the electrical power system as a 
This is accomplished by means of the engineering- 
assignments, the PSEC seminar on power-systen 
sign, factory-inspection trips, and informal discus 
with application and design engineers. 

The resident members of the PSEC are assign 
a rotating basis to work with application engit 
The length of the assignments are varied to fi 
individual needs wherever possible but usually 
are about three months long. Typical work as 
ments are: network and transient analyzers; sy 
studies and relay; distribution and transmission; iF 
generation; and substation. 

Experience has indicated that benefits derived 
certain assignments are greatest if the PSEC me 
works on problems relating to his own system. 
example, in the relay section, participants have str 
special problems that pertained to their own sys 
and thereby became better acquainted with 
system, as well as with the subject of relaying. Se 
PSEC members also became interested in the pre 
of incremental transmission-line losses and worke 
a period of time to develop a loss formula pertainii 
the transmission system of their own company. 
rotating engineering assignments are a mean 
‘earning by doing.’’ The commuter members c 
PSEC do not have engineering assignments a: 
General Electric Company but work four days: 
week in their own organizations; hence they too: 
an opportunity to apply the fundamentals of ] Pi 
systems engineering. 

Another opportunity to gain insight info the t 
system as a whole is the biweekly Power Systems ; 
neering Course seminar on power-system design: 
the various subjects, guest authorities from both: 
ties and manufacturers present fundamental mai 
and conduct a discussion period. Subjects fo: 
seminars during the 1950-51 course included: 


2 | 

(1). Power Generation 
Station Layout and Design ; | 
Operation and Selection of Ratings for Gener 

(2). Transmission ah 
A Philosophy of System Design 
Transmission System Economics 
System Economics Related to Conductor ti 
Economic Operation of Systems : | 

(3). Subtransmission 
The Subtransmission System j 
Voltage Control and Kvar Application 

(4). Distribution i 
A Philosophy of Distribution System Desig: 
Voltage Control and Power-factor Coma 

(5). Telemetering and Supervisory 

(6). System Protection 

(7). Residential Utilization 

(8). Industrial Utilization 


Series 
. a 


‘se discussions present an opportunity for PSEC 
ers to exchange ideas about the concept of system 
1 and to sense the breadth of the power-systems 
Preparation for the seminar usually consists of 
ual experience supplemented by suggested reading 
technical journals. 

ident PSEC members also attend the Analytical 
ering Divisions colloquium and the Central 
mn Engineering Divisions course in Application 
leering. Typical subjects for the monthly colloquia 
Joltage Regulators, Long-distance Transmission, 
ymical Operation of Power Systems, Industrial 
cations of Punched-card Equipment, Capacitance 
hing, and Problems in Industrial Control. The 
sation-engineering course is a broad introduction 
= electrical power industry. It considers the ele- 
; of the power system from the prime mover to 
atthour meter at the consumer’s premises. 

ther understanding of power-systems operation 
Manning is gained in the inspection trips to the 
facturing departments. These trips, occurring on 
; alternate to the seminars, familiarize the PSEC 
ers with manufacturing processes and problems 
roduct design. Schenectady Works tours include: 


1). Foundries and Pattern Shop 
2). Steam Turbine 

3). Turbine Generator 

4). Large Motors and Generators 
5). Induction Motors 

6). Wire and Cable 

7). Porcelain Works 

8). Gas Turbine 

9). Research Laboratory 


pecial trip to the Pittsfield Works permitted the 
ipants to see the High-voltage Engineering Lab- 
ry, as well as the manufacture of: 


1). Power Transformers and Regulators 
2). Capacitors 

3). Distribution Transformers 

. Lightning Arresters and Cutouts 


4) 


4 


5) 
5 


imilar tour of the Philadelphia Works showed the 
facture of: 
1). Air-blast Cubicles 
2). Isolated-phase Bus 

). Outdoor Stations 

). Metal-clad Equipment 

). Air and Oil Circuit Breakers 

). Duplex and Supervisory 
7). Relay 
is the factory tours are preceded by a technical 
ssion of the equipments to be inspected. Hence, 
nspection trips enable the PSEC members to 
4e acquainted with the manufacturing of the 
ment used on their systems, to meet and talk 
apparatus design and application engineers, and 
s the manufacturer’s problems and to get his 
of view. At the game time the manufacturer's 
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engineers gain first-hand knowledge of the experience 
of the electric utilities in the application of electrical 
equipment to systems. 


Typical Class Day 

Since the PSEC membership consists of both com- 
muter and resident members, the classroom instruc- 
tion, seminars, and inspection trips are scheduled for 
one day each week. A typical class schedule is: 


Time Activity 
8:00- 9:30 a.m. Power Systems Analysis 
9:40-10:40 a.m, Protective Relaying 


10:50-11:50 a.m. Surge Phenomena 


12:00- 1:00 p.m. Luncheon 
1:15- 2:15 p.m. PSEC Seminar or Factory-inspection 
Trip 


2:30— 4:45 p.m. Advanced Circuit Analysis and Oper- 


ational Methods. 
Commuter members usually arrive on the evening pre- 
ceding the class day or early on class day morning and 
leave late in the afternoon after classes are completed. 


Specialized Training by Intraindustry Education 

The Power Systems Engineering Course has been 
described as an example of intraindustry education. To 
accomplish a definite purpose, utilities and a manufac- 
turer of electrical equipment have joined in a special- 
ized technical-training program for the electrical indus- 
try. The PSEC is mutually beneficial to the manufac- 
turer and to the electrical power industry. It provides 
opportunities for the manufacturer and the utilities to 
exchange points of view and to learn to ‘‘talk each 
other’s language.”’ 


With the present shortage of engineers, it is important 
to the electrical power industry to utilize the available 
manpower economically and efficiently, and hence it 
is highly desirable to increase the understanding and 
“know-how” of the key technical personnel. A further 
benefit to be derived from specialized training pro- 
grams, such as the PSEC, is that these programs attract 
competent college graduates to the utilities who par- 
ticipate. : 

The need for specialized education has grown with 
the expanding technology. To assure progress in 
science and engineering, industry is obligated to assist 
in providing specialized training beyond the usual 
college curriculum. Intraindustry education is an 
economic and effective method of providing this spe- 
cialized technical training. 
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TRANSIENT ANALYZER APPLICATIONS 


Continued use of the analyzer, miniature circuits, electrical 


equivalents, and analogues for solving problems involving 


distributed constants, 


HE Transient Analyzer® is an engineering tool 

or machine developed for the purpose of studying 
transient phenomena in various engineering devices and 
systems. As for any machine, therefore, its objective is 
the production of results which are practically impos- 
sible to obtain otherwise. 

The problem need not be electrical; but it may be 
any problem which can be reduced to an appropriate 
electrical equivalent from analogies among mechani- 
cal, electrical, acoustic, or thermal systems and others. 
This analyzer was developed initially for studying 
transient phenomena in electrical power systems and 
has been used largely for this purpose. By its use in 
simulating and investigating a wide variety of system 
conditions by means of miniature equivalent circuits 
and/or models, useful concepts and a better under- 
standing of the factors affecting certain transient phe- 
nomena in power systems are obtained. To the design 
engineer, to the application engineer, and to the oper- 
ating engineer these transient-analyzer concepts and 
data are of value in determining the requirements for 
satisfactory operation of a device in the system and of 
the system as a whole. Equally important with these 
problems of foresight in the application of the Transient 
Analyzer are the problems of hindsight, such as those 
wherein a device has failed in a power system and/or 
there has been an interruption of service continuity. 
For these “‘reconstruction of the crime’’ problems, based 
on the information (misleading and otherwise) received 
from the field, cause of the failure is to be determined, 
recommendations to prevent future occurrences are to 
be made, and the area of responsibility for evaluating 
and fulfilling these recommendations is to be defined. 

The transient analyzer plant is shown in Fic. 1. This 
shows the flexible arrangement of resistors, reactors, 


Fig. 1. 


The transient analyzer 


nonlinearities, 
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and. discontinuities 


and capacitors connected to represent overhead tra 
mission lines primarily. Each unit represents 10 m 
of three-phase overhead line with the ability to rej 
sent and recognize the symmetrical component 

pedances (positive, negative, and zero sequence). Si 
such units are available, giving a total of 600 mile: 


overhead three-phase transmission line. Synchron 
mechanical and electronic switches provide flex: 
means of performing several switching operations 
appropriate intervals so that, when synchronized y 
the sweep circuit of a cathode-ray oscillograph, — 
resulting transient disturbance appears as a stand 
picture on the oscillograph screen from which phe 
graphic records or directly recorded measurements r 
be obtained. Also, in the nature of distributed c 
stants, 500 ft of lead-sheathed cable is available. : 
times aerial cable and portions of apparatus have E 
used in studies. : 

There are other component parts also—react: 
capacitors, and resistors—for studying problems 
involving distributed circuit constants. In addit 
there are nonlinear resistance elements of Thyr 
material, for simulating actual system overvolt 
arresters. ; 

Transformers correctly simulating power tré 
formers, including the hysteresis and saturation el 
acteristics, are also part of the equipment. Six sin: 
phase units with 1:1 turn ratio have per unit satv 
tion characteristics at 100 base volts, 60 cycles, wh 
are as abrupt as any of the modern power ‘rene 
employing the newer high silicon steels. 

The analyzer includes a miniature impulse gen! 
tor® enabling the simulation of lightning surges hav 
fast fronts and short durations. For those arbitz 
voltage wave shapes not obtainable on the impulai 
erator there is a so-called Photo-function generator: 

Representative of some of the various applicati 
of the transient analyzer are the examples that foll 


Voltage Changes Due to Resistance-welding Loads 
The purpose of the study was to present data lars 
in the form of curves relating to the effects of resista1 
welding machine loads in producing voltage change 
the system supplying power to the welders for the 
lowing types of welding loads: 
"Presented as a Conference Paper at’ the AIEE North Eastern Di 
Meeting in Syracuse, New York, on May 2, 1951. 


*Reg. trade-mark of G.E. Co. 
(:)Numbered references are listed at the end of this article. 
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Fig. 2. Miniature system studied to 
show effects of resistance welding loads 
using three-phase to single-phase fre- 
quency converters 


100 VOLTS INFINITE BUS 
60U) SINE WAVE GENERATOR 


Oscillographic results from miniature 
shown in Fig. 2. 
Low-frequency (20-cycle) alternating 
ie obtained from frequency converter 
Full-heat welder load current and sys- 
ine currents for unity pf load at 20 cycles 


-Full-heat welder load and system line 
mts for welder X/R =2 at 20 cycles 


TO 60) SINE WAVE GENERATOR 


A Cc E A A C¢ E A. 


D CURRENT 
TL 


WV" ay 
p Soy Le 
le WA 


yap Xt 
AD RL =0 


2 


LOADAE=2 

AT F220 
(b) (c) 
1). Single-phase electronically controlled weld- 
, operated from three-phase systems through 
ta-delta and wye-delta step-down transformer 
inections. 
2). Electronically controlled resistance welders 
1ipped with series capacitors for reduction of kva 
nand and improvement of power factor. 
3). Leading-power-factor loads obtained by the 
. of series capacitors for over-compensation of 
Ider reactance. 
4). Three-phase electronic frequency converters. 
eh converters rectify three-phase a-c power to 
gle-phase low-frequency power, thereby reducing 
amount of reactive kva required to circulate weld- 
‘current through the inductive secondary circuit. 


‘an example of item (4), the system represented 
iniature on the transient analyzer is shown in 
2. Thyratrons were used in place of ignitrons and 
“batteries were connected in series with each 
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THYRATRONS 


TO TUBE GRIDS 


‘ 
‘ 
‘ 


TO TUBES - - ~~ Pam) ahawe- 


MECHANICAL SWITCH TO 
CONTROL TUBE FIRING AND 
OBTAIN DESIRED SINGLE 
PHASE FREQUENCY AT LOAD 


thyratron to eliminate the relatively small constant 
voltage drop across the tube. A small synchronous 
motor was used to drive mechanical switches which 
initiate the firing of the thyratron tubes in the proper 
sequence to produce the desired positive and negative 
half-loops of voltage output from the frequency con- 
verter. By making appropriate changes in the gearing 
between the synchronous motor and the mechanical 
switches, various low frequencies were obtained. 

Control of voltage output from the frequency con- 
verter was obtained by phase control of the rectifying 
tubes by means of a small selsyn which can be rotated 
to displace the thyratron grid voltage with respect to 
the anode voltage thus reducing the amount of voltage 
rectified by each tube. 

In Fic. 3 are shown some of the oscillographic results 
obtained from the transient analyzer and in Fic. 4 are 
shown some of the data in the form of curves giving 
per unit voltage drops as a function of various system 
parameters. 

Tests on a welder operated from a 25°/z-cycle fre- 
quency converter served to substantiate the results of 


0.016 


° 
2 
° 


| @ KVA OF LOAD 


% PER UNIT VOLTAGE DROP=4V———————__—_—________. 
3p SHORT CIRCUIT KVA OF SYSTEM 


0.004 


PER UNIT VOLTAGE DROP FOR EACH OOi PER UNIT SYSTEM IMPEDANCE 
(MULTIPLY BY 100 TO OBTAIN AV) ¥ 


DaAmeeTOe p08 Onno ta, anes a ice 
LOAD X,/R, AT f220 


Fig. 4. Maximum system line voltage drop vs. X,/Rr of low-frequency 
welder operated at 20 cycles : 
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Fig. 5. Map of 7.2-kv 
multigrounded lines upon 
which field tests were made 
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1A 
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iN 
\ 
Fig. 6. 
MILES tions” 


Jee 
o 24 6 8 10 


the tests made on the analyzer. For example, for a 
given set of conditions the voltage change in per unit 
for a 0.01 per unit line impedance was 0.015 from the 
welder test as compared with 0.014 from the miniature 
system. 

Briefly, as another example, a problem of similar 
type was the investigation of harmonic resonance 
effects in transmission lines due to rectifier loads with 
power-factor improvement. 


Recovery Voltages on Rural Distribution Systems 

A study was made to determine the nature of the 
recovery voltages that can occur on multigrounded- 
neutral rural distribution systems. This information is 
useful in the design, application, and preparation of 
test standards of lightning arresters, fuse cutouts, oil 
circuit reclosers, and other protective devices for these 
rural systems.) 


Vu = 1,09 
— (a) PHASE C FAULT AT 


POINT | CLEARED 


Pam ck atnee ect BY SECTIONALIZING 
SECONDS RECLOSER, 
 ——E— (b) PHASE C FAULT AT 
0 0.006 SUBSTATION CLEARED 
\ ' ' f BY LINE TO GROUND 
SECONDS FUSE. 


Vy = 115 
<i aie (c) PHASE C FAULT AT 


SUBSTATION CLEARED 


& 0 F ; 0.006 BY LINE TO GROUND vr 
J FUSE. 
SECONDS 0.020h 
r=0.7ND0C 
SE ae ae (4) PHASE C FAULT AT Fig. 8. Oscillograms of voltage transients obtained during 
i oie POINT | CLEARED field tests , , 
; ' ; , se BY LINE TO GROUND Fig. 9. Oscillograms obtained during 
SECONDS FUSE. transient analyzer tests on simulated field 
system 
(a). Fault at point 1 cleared b 
Ear ope een (€) PHASE C FAULT AT sectionalizing recloser __ . 
M POINT 3 CLEARED BY (6). Fault at substation, phase C 
9 0,01 LINE TO GROUND cleared by line-to-ground fuse 
Reranoe I FUSE. (c). Fault at point 1 cleared by line- 
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used for transient analyzer 20 
study of field test condi- 
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NUMBERS REPRESE 
MILES OF LINE IN | 
A GIVEN SECTION. 


SUBSTATION 


A correlation of measurements on an actual r 
distribution system with a simulated system in mi 
ture was made to demonstrate the ability of | 
analyzer to reproduce the field results and thereby : 
increased justification for the extension of the st 
to more severe conditions by means of the analy. 
The system on which field data were obtained is sh 
in Fic. 5. An approximation of this system in minia‘ 
is shown in Fic. 6 in which the main portion of: 
system was built wp from the basic permanently + 
structed ten-mile line sections shown in Fic. 7. ( 
nected system load was represented as lumped re} 
ances at the points shown in Fic. 6. Line-to-gro: 
faults in the miniature system were made thre 
thyratron tubes at the worst angle of switching 


Fig. 7. Miniature se 
for 10 miles of line © 


r=0.7N DC 


0.020h 


r=0.7N0C 


O1opf 
EACH 


0.0067 h © 


to-ground fuse 
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Senter : 


4 


TRANSFORMER 


10. One-line schematic diagram of a high voltage switching station. 
led numbers represent measuring points 


t) Ic, GL eLeTeTcTeTeTeTcTe] cL Ic. 


11. Equivalent miniature circuit of Fig. 10 for study on transient 


zer. Actual z-section constants: 
L =320 wh and C =900 unt 
ming arrester resistance =10 +R, =602 
C, =500 wuf and Cz=1000 pyuf 
ed numbers correspond to measuring points in Fig. 10 


ubes automatically interrupted the fault current 
le first current zero with subsequent recovery 
ges obtained. 

Fics. 8 and 9 are shown oscillograms of the re- 
y voltages obtained from the field tests and from 
nalyzer respectively. Oscillograms (a), (c), and (d) 
G. 8 respectively correspond with (a), (b), (c) in 
J. A comparison of the analyzer and field measure- 
sis given in Table I in terms of crest recovery 
ge Vy, time Ty to crest recovery voltage, and 
To9 for recovery voltage to reach 90 percent of 
al system crest voltage. 


ning Surges in Complex Station Arrangements 

a measure of the result of lightning surge arrester 
tion on one of the lines, it was desired to deter- 
the voltage at the various circuit breakers and 
formers for different numbers of lines and trans- 
rs connected to the main 230-kv bus. The station 
t arrangement shown in Fic. 10 was set up in 
ture as shown in Fic. 11. 

the study all the lightning arresters except the 
ing operated at point 1, Fic. 10, were discon- 
1 during the discharge of the lightning arrester 


Fig. 12. Typical oscillograms of voltages 
measured with one line and one transformer 
on main bus. Time scale in microseconds. 
Numbers on oscillograms refer to measuring 
points in Figs. 10 and 11 


Fig. 13. Transformer and circuit breaker volt- 
age as a function of line and transformers on 
main 230-kv bus in per unit of crest Ei = 740 kv. 
Subscripts on voltages correspond to measur- 
ing points in Figs. 10 and 11 


VOLTAGE IN PER UNIT OF E, 


I LINE +2 TRANSFORMERS 
2 LINES +1 TRANSFORMER 


TOTAL LINES AND TRANSFORMERS 
ON MAIN BUS 


Fig. 12 


at point 1. This was done in order that the voltages 
measured at the other lightning arrester locations 
would indicate the actual voltages against which the 
disconnected lightning arresters must protect. The im- 
pedance Z in Fic. 11 is a surge impedance representing 
additional lines and transformers, since it was found 
that the addition of lines and transformers to the main 
bus was effectively the same as the addition of a surge 
impedance of 400 ohms for each of the lines or trans- 
formers connected to the bus. 

The surge voltage was supplied by a miniature im- 
pulse generator®) which repetitively initiated the de- 
sired surge once every cycle on a 60-cycle basis and 
produced a standing oscillogram on a cathode-ray tube 
included in the surge generator. 

Typical oscillograms of the surge voltage applied 
and of the voltages obtained at various points in 
station are shown in Fic. 12. The time scale of these 
oscillograms is in microseconds. Fic. 13 gives the crest 


TABLE I: COMPARISON OF ANALYZER AND FIELD MEASUREMENTS 
i lt Miles from -Miles of pe Analyzer Pail Lelie _ Field Test 
peation Substation Type of Fault ecanceet Figure rk a3 a ae as re a 
16 Line-sectionalizing 29 9(a) 1.19 1,100 270 = 8(a) 1.09 660 260 
tion 0 Line-to-ground 289 Gib) ep "1200. «305° 8(c) 1.15 1,480 340 
16 Line-to-ground 289 9(c) 1.09 1,770 1,070 8(4) 1.10 1,640 880 
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MINIATURE SURGE te eae TEST CIRCUIT 
GENERATOR | 200 FT. OF OVERHEAD LINE 
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Cy —® TERMINAL 
CAPACITANCE 


Fig. 14. Equivalent circuit for study of oscillations at the end of an open line 


TRANSIENT ANALYZER pees 
_-—s 
= 


FROM FIELD STUDY 
0.6 


0.4 


VOLTAGE PER UNIT OF 355 KV 


° 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 1.8 2.0 
TIME (MICROSECONDS) 


Fig. 15. Voltage wave shape across and/or due to lightning arrester 


transformer and circuit breaker voltage as a function 
of the lines and transformers on the main 230-kv bus 
in per unit of the crest of the applied surge. 


Although on a much simpler circuit, a comparison 
was made from the results of a field study with those 
using the foregoing method as represented in Fic. 11. 
Some of the studies of this field investigation were con- 
cerned with the oscillations at the end of an open line 
as the consequence of a discharge through an arrester 
located 200 ft from the end of the line, the arrester 
operation being caused by an incoming travelling 
wave. 

The equivalent circuit in miniature is shown in Fic. 
14. The wave shape applied to this circuit is shown in 
Fic. 15 wherein, for comparison, the voltage across the 
arrester from the field study has been replotted. The 
field data and analyzer data are given in Table II. 


The miniature surge generator also has been used to 
apply typical lightning surges—with regard to wave 


SUPPLY 
TRANSFORMERS 


SYNCHRONOUS 
SWITCHES 


To 


LINE 
SECTIONS 
SINE WAVE GENERATOR 
100 VOLTS 
LINE TO LINE MINIATURE 
THYRITE 


ARRESTER 


TRANSFORMER BANKS 
ARE COMPOSED OF SINGLE 
PHASE, |:1, MU-METAL 
TRANSFORMERS 


SWITCHES 4,5, AND 6 OPEN 
HIGH VOLTAGE SWITCHING OF 
LINE IS SIMULATED. WITH 
SWITCHES CLOSED LOW 
VOLTAGE SWITCHING OF 
LINE 1S SIMULATED. 


ny 


LINE 
TRANSFORMERS 


Fig. 16. Simulated high- and low-voltage switching—connections for minia- 
ture system 
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ne ‘ a 
shape—in studies on actual transmission lines, cal 
and apparatus. 


Switching High-voltage Transmission Lines 

Of value in the design of high-voltage transmis 
systems is the nature of switching surges with re 
to voltage magnitude and duration as affected by 
cuit breaker characteristics, arrester discharge - 
nomena and the circuit configuration upon drop: 
the line.®) Fic. 16 shows the miniature system stuc 

The oscillograms in Fic. 17 give the circuit-bre: 
recovery voltages, line-to-ground voltages, and cit 
breaker currents upon dropping a one-hundred- 
high-voltage line on the low side of the transfor: 
The oscillogram illustrates the effect of transfor 
saturation upon the circuit breaker recovery vol 
resulting in reduced probability of restriking withir 
circuit breaker and of the nature of the line-to-gre 


Fig. 17. 


Osc. 189-8: Circuit-breaker recovery voltage from line dropping 
Osc. 189-9: Circuit-breaker recovery voltage from line dropping with 
strike at a 

Osc. 189-10: Circuit-breaker recovery voltage from line dropping with 
strikes at a and b 

Osc. 189-11: Line-to-ground voltage at sending end. Line dropped ati 

Osc. 189-12: Line-to-ground voltage at sending end. Maximum vol; 
from restrike at a 

Osc. 189-13: Line-to-ground voltage at sending end from line droppit 
and two restrikes 

Osc. 189-15: Input current from line dropping and two restrikes 

Osc, 189-16: Line-to-ground voltage at receiving end from line drop; 
and two restrikes at sending end f 


Low-voltage switching of 100-mile line 


voltages when one or two restrikes were introdu 
The oscillogram in Fic. 18 from the Transient Ana} 
is included in so far as it is fairly representative ¢ 
oscillogram from an actual field test wherein a lin 
excess of 150 miles was dropped with a transfo: 
permanently connected to the line (one restrike: 
initiated at a in Fic. 18). 


In the oscillograms in Fic. 19 are shown the né 
of the arrester voltages resulting from one resi 
upon interrupting the charging current of a lur 
capacitance equivalent to 100 miles of line, an 
simulated 100- and 200-mile lines (no permané 
connected transformers on the lines or capacitors. 
significance is the difference between an equiv: 
lumped-capacitance discharge through an arrester 


September, 
yf 


iibuted-constant line discharge. In the latter the 
nt discharge decreases in steps, with the initial 
nt step being a function of the surge impedance 
e line and the time of surge travel between one 
yf the line and the other. 


lification of Switching Overvoltages in Coupled Oscil- 
r Circuits 


ignification of transient voltages in one part of an 
ic power system may occur in another part of 
system, possibly at a different voltage level. 
riences such as these have been obtained from the 
These experiences were verified and analyzed with 
ransient analyzer reducing a certain power system 
> basic circuit shown in Fic. 20 where energization 
je-energization of capacitor bank C; is being per- 
sd. Connected to the capacitor bank C, is another 
itor bank C, (possibly at another voltage level) 
igh some inductive reactance represented by the 
-wye transformer bank. 

| RESTRIKE !72 

CYCLE FROM CREST 

OF VOLTAGE AT 


INTERRUPTION OF 
CHARGING CURRENT 


LINE LENGTH 
MILES 
3. Low-voltage 200 
ng of line in 
£ 150 miles long. 
trike at a 
s 
. 100 
Za 
Fig.19. Switching surge volt- 100 
ape across arrester. First re- EQUIVALENT 
strike initiated at a followed LUMPED 


by arrester operation at b CAPACITANCE 


: TABLE II 


RISON OF DATA FROM ANALYZER STUDY AND FIELD TESTS 
OF OSCILLATIONS AT OPEN END OF LINE 


From Fig. 9B From Miniature 
a of Reference(’) System 
‘of Oscillations 0.78 us 0.72 us 
tude of Oscillatory Over- 1.27 1.3 
(Percent of Arrester IR) 
a of Cycles Before Com- 
Damped 8 9 


+ curves in Fic. 21 show the results of the maxi- 
line-to-ground voltages across the capacitances 
d C, versus the magnitude of the capacitance Cy. 
urves are based on one phase interrupting the 
ing current to one leg of the capacitor bank C, 
hen restriking, keeping the other phases closed. 
another study involving a circuit similar to Fic. 
4 correlations were obtained between oscillo- 


rom the Transient Analyzer and from field tests 
> actual power system. 
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Fig. 20. Schematic diagram illustrating the energizing of a capacitor bank. 
Circuit for miniature systems study on the transient analyzer 


VOLTAGE ON Y SIDE OF TRANSFORMER 
BASED ON NORMAL LINE TO NEUTRAL 
VOLTAGE. 


CREST VOLTAGE IN PER UNIT 


6 
Co IN MICRO- FARADS 


Fig. 21. Maximum voltage across C2 (Fig. 20) for one restrike vs. magnitude 
of capacitance C2 


Potential Transformer Grounding of Generator Neutral 

In this study, the effect of the rating of a potential 
transformer with regard to its magnetic characteristics 
was to be determined when the transformer was being 
used to ground the neutral of the generator. 

A circuit in miniature was set up as shown in FIG. 22. 
The potential transformers on the line side of the gen- 
erator are rated for line-to-line voltage. Both of the 
miniature line ‘“‘pots’’ and grounding ‘“‘pots’”’ used in 
the miniature system have saturation characteristics 
simulating the actual potential transformers. Depend- 
ing upon the operating voltage and the ratio of the 
capacitive reactance to the magnetizing impedance of 
the line “‘pots,’’ neutral instability can occur from 
saturation of the line “‘pots.’’ The neutral instability 
condition is in the nature of a sustained ferroresonant 
oscillation between the capacitors and the line “‘pots”’ at 


Fig. 22. Miniature system used on the transient analyzer for study of po- 
tential-transformer grounding of neutral of a generator 
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VOLTAGE ON DELTA SIDE OF TRANSFORMER 
BASED ON NORMAL LINE TO GROUND 
VOLTAGE. 


HARMONIC 


Fig. 23. Results from the transient 
analyzer on regions of instability 
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GENERATOR GROUNDED 
THROUGH L-L POT 


PER UNIT RATED VOLTAGE OF LINE POTS 


DROP OUT 
VOLTAG! 


THROUGH L-N POT 


XCO/y 


a frequency of oscillation of a half, a fundamental, or a 
third harmonic of the applied 60-cycle frequency.(%,( 

With an isolated generator neutral, lowest operating 
voltages were obtained above which possible neutral 
instability could be expected. Upon connecting a line- 
to-line rated ‘‘pot’’ in the generator neutral, the mini- 
mum operating voltages resulting in ferroresonance 
were raised above those for the isolated neutral cases; 
that is, the regions of possible instability were de- 
creased. Upon grounding the generator through a line- 
to-neutral rated ‘‘pot’’ considerable improvement was 
effected relative to the previous two cases. This is 
illustrated in Fic. 23, where normal line-to-neutral 
operating voltage on the ordinate corresponds to 0.58 
per unit. 


A Field Problem Involving Overvoltages on Potential Trans- 
formers 


A diagram of the part of the system involved in this 
problem is shown in Fic. 24. During normal operation 
of the station, the 336 ft of cable may be connected 
or disconnected from the overhead lines by means of 
three individually operated disconnecting switches. The 
overvoltages on the 14-kv potential transformers oc- 
curred when this cable was being energized or de- 
energized. 

When the cable was being de-energized, this over- 
voltage was evidenced by the brightening and burning 
out of the pilot light on the switchboard and by a loud 
hum from the transformer. 

When the cable was being energized, there was one 
instance where a potential transformer failed. This 
occurred when only one of the disconnecting switches 
was closed, and the other two left open. 

To determine the nature of the voltages present 
across the potential transformer-when the cable was 
being energized or de-energized, the system was set up 
in miniature as shown in Fic. 25. The cable is repre- 
sented by the wye-connected lumped capacitances. 
The X,,/X, ratio of the miniature system is approxi- 
mately equal to that of the actual system. (X,,= 
magnetizing impedance of transformer and X,=ca- 
pacitive reactance, both at a frequency of 60 cycles). 
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GENERATOR GROUNDED ——- —— 


Fig. 24. Section of system in which over- 
voltages on potential transformers were studied 
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The results from the study of the system in m 


ture were as follows: 


(1). When phase A is opened, with phat 
and C closed, the voltage Vc rises to a pea 
260 percent of normal and settles down to ak 
tained value of 200 percent of normal. This voi 
is a nonharmonic type of oscillation due to sai 
tion of the transformer. The voltages V4/py and | 
rise to values 160 percent of normal and are ox 
same type of oscillation. 

(2). When phase B is opened, with phas« 
and C closed, the voltage V 4c, remains normal 
the voltages V4rg and Vac rise to 200 perce% 
normal and are continuously modulated betwee 
percent and 200 percent of normal. 

(3). When all phases are opened at the sant 
stant, no overvoltages appear across the transfor 

(4). When phase A is being closed in with Pf 
B and C open, the voltage Vgc rises to 560! 
cent of normal. 
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ig. 25. Set up of system 
| Fig. 24 on the transient 
analyzer 


le] C=5.0 pfd 


5). When phase B is being closed in, with 
uses A and C open, the maximum voltage across 
transformer is V 4c, which rises to 360 percent 
normal. 

6). When all phases are closed in at the same in- 
nt, no overvoltages appear across the transformer. 


The conclusions from the study, in so far as switch- 
ing was concerned, were: (1) By opening or closing the 
switch in phase B first, the overvoltages across the 
transformer will be lower than when using any other 
sequence of switching; and (2) to entirely eliminate the 
overvoltages, all three phases will have to be closed at 
approximately the same instant. 


Conclusion 

The examples presented in this article indicate that 
the Transient Analyzer occupies a unique position 
among various engineering analytical devices and that 
it will be of continued usefulness because there are 
numerous problems involving distributed constants, 
nonlinearities, and discontinuities which it can handle 
readily and quickly. 
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GHTS AND SIDE LIGHTS 


Ship Repair by 


ice engineering by remote control 
_a crippled tanker considerable cost 
k off the North Carolina coast earlier 
ar. 

_S. S. Sweetwater, a tanker, en- 
red operating difficulties and re- 
d the services of an engineer quali- 
) supervise needed marine repair. 
ing prompt phone calls a marine 
er boarded a Coast Guard cutter 
ag by at Charleston (S. C.) ready 
» him to the Sweetwater. 

izing that every minute of lost op- 
‘ time was costly and perilous to the 
‘he contacted the tanker’s chief 
er by radio while en route to the 
the Atlantic, and made suggestions 
necessary repairs. Acting on the 
med and radioed advice, the 
ater’s chief engineer and crew were 
have their tanker under way before 

t Guard cutter arrived. 

re returning to home port, the 
‘engineer checked the controls and 


Remote Control 


ascertained that the vessel’s gear was 
working properly. The Sweetwater was 
thus enabled to continue its journey after 
a delay of less than 24 hours. 

Big Lift 

Lifting 18,000 Ib of crude iron ore every 
two minutes out of a 3840-ft-deep hole in 
the ground will be the task of a new mine 
hoist now being installed. 

Producing the “big lift” is a 1750-hp 
mine-hoist drive, designed to increase pro- 
duction of the vitally needed iron ore used 
in making high-grade steels. The mine, 
one of the largest in New Jersey, will be 
able to produce approximately 2000 tons 
of crude ore per eight-hour day. 

The hoist sends two buckets alternately 
down the mine shaft, waits long enough 
for a bucket to be filled, then starts upward 
with the nine-ton load. As each bucket 
is filled, the other dumps its load and 
starts down again to repeat the cycle. One 
full cycle is completed in 130 seconds. 
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Atomic-valve Rejects Cut 25% 


Defective valves for nuclear reactors and 
atomic piles have been cut 25 percent in one 
plant by the use of a Type M leak detector. 

Large orders for leakproof valves for 
atomic apparatus necessitated a change 
from an air-pressure testing method that 
failed to indicate all leaks and, when a 
leaky valve was discovered, did not show 
the exact location of the leak. With the 
new testing method, using the leak detec- 
tor and helium tracer, it is possible to de- 
tect faulty foundry and welding practice 
and correct it. 

In testing, the valve is sealed off on a 
test stand and connected through the leak 
detector to a vacuum pump. The operator 
checks for leaks by moving a capillary 
tube, which emits the helium tracer, over 
the entire surface of the valve. If a leak is 
present in the valve, helium will be drawn 
through it into the valve, and will give an 
indication on the detector’s meter. In this 
way minute leaks are accurately located in 
the valves, and defects can be corrected. 
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eet is radiant energy which produces visual The practices presented and described are the re 
sensation. The time rate of flow of light is lumi- of experimentation, trial and error, and final ac 
nous flux, and the unit in which this is commonly meas- usage. This end objective is seldom reached with 
ured is the lumen. The precise determination of lumi- the concurrent development and construction ¢ | 
nous flux of a light source depends upon many theo- apparatus needed either to control the condition: 
retical concepts of light, color, and electricity. Of equal test or to make the measurement. Much of the ay 
-importance, however, is the reduction to practice of ratus to be described has been developed an a 
these theories, and the emphasis here is on the large structed in the Lamp Testing Laboratory, a sectio 


uncharted area between theory and final reduction to the Standardizing Department, Lamp Division x 
practice. It is hoped that this article will be of interest eral Electric Company. + 
to anyone presently making measurements of luminous 
flux, and of assistance to those who are planning to 
make such measurements. 


All measurements are in some degree relative, 
every observation has in it an inherent amount | 
probability of error. Accordingly we shall try to re: 
nize this in any of the methods and procedures: 
scribed and point out the degree of precision that| 
be expected. 


There are many difficulties involved and precautions 
that must be taken to ascertain that the measurements 
will be accurate in both the relative and absolute senses. 
For instance, the principle of spherical integration of THE SPHERICAL INTEGRATOR 
light can be derived mathematically. However, only by 
experimentation can we determine the correction 
needed for the presence of objects or for unlike test 
lamp and standard lamp in the sphere, the effect of 
nonwhiteness of the inner sphere surface, and the effect 
of even minor deviations of this surface from the cosine 
law of reflection. 


Theory of the Sphere 

The luminous flux being emitted from a light so‘ 
can be determined by observing the spatial distribu 
of the radiant intensity, and then integrating 
mathematically. For a large number of measureme 
however, a more practicable method is to intearall 
luminous flux before measurement instead of the lah 
ous mathematical integration of the many obser 
values of radiant intensity. This can be done by; 
‘oie of the Ulbricht sphere. A modern photometer me 
Baik ; ; a sphere is shown in Fic. 1. This is basically a 
meters sphere, the inside surface of which should have t 


a . : reflection characteristics: ‘ 
: q 


(1). Reflection as nearly as possible accordini 
Lambert’s cosine law (as perfectly diffusing 
possible). : 


a ee 
gk 


Fig. 1. Typical incandescent-lamp photometer using the Ulbricht sphere 


(2). Spectral reflection, over the wavelength rz 
to be used, as uniform as possible (as white as 
be attained). 


(3). High reflection factor. 
These requirements would be best met by a sphe: 


enclosure carved from a magnesium-oxide block. B 
ever, as will be described later, there are more pract 
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nethods of obtaining a satisfactory spherical inte- 
Ps 

theoretical derivation can show that the bright- 
due to reflected light only, of any part of the inner 
ice of the perfect spherical integrator is a measure 
1e total flux of a point source of any spatial dis- 
ition and at any location in the sphere. The wall 
itness due to reflected light is equal to the average 
utness from direct light multiplied by the factor 


p 


iP 

e p is the single reflectance of the surface. 

ne theoretical premise is simple and straightfor- 
l, but the actual accomplishment is a difficult thing. 
t, it is not possible to obtain for practical use a 
sctly diffusing surface or a perfectly white one. 
, even if it were, the introduction of the source to 
1easured, its Supporting apparatus, and the neces- 
baffles to allow only reflected light to fall on the 
surement point, are inherent departures from the 
retically perfect integrating instrument. 


ace Requirements 

he surface should be such that all light striking it 
ympletely diffused—that is, reflected according to 
ibert’s cosine law. To the degree that this surface 
lition exists it can be said that a unit of flux falling 
1 unit of surface area on any part of the sphere 
Its in a measurement-window illumination the same 
fat due to a unit of flux falling on a unit of surface 
ny other part of the sphere. In this way all units 
ux emitted from a source result in an equal bright- 
at the measurement window, regardless of the 
ection of emission from the source. For a theoreti- 
7 perfect integrator, source location could be at any 
t; however, the optimum location at sphere center 
its in fewer errors due to deviations from a perfect 
grator. 7 
“momentary study of the sphere-wall brightness 
or shows that a high reflection factor is desirable 
ncrease the sphere-wall brightness and provide a 
e measurable quantity of flux at the measurement 
Jow from a given light source. For example, a reflec- 
e of 90 percent (p=0.9) results in a factor of nine, 
pared to a factor of only four if the reflectance is 
percent (p=0.8). This becomes increasingly im- 
ant for the measurement of sources of small 
unts of luminous flux. A high reflection factor also 
ices the error due to baffles and lamp supports in 
sphere. As will be explained in greater detail in the 
ription of spectral qualities of the sphere surface, 
xh reflection factor accentuates any small variations 
1 spectral uniformity. This disadvantage can be 
ralized if it is recognized and properly compensated 
sy color filters. 


les 
: order that the sphere-wall brightness at the 
surement window be due only to reflected light, a 
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baffle must be interposed between the source and the 
point of measurement. The baffle should be coated with 
the same surface material that is applied to the sphere 
wall. Experience has indicated that it is desirable that 
the baffle be placed one-third of the distance from the 
source, at the center of the measurement window. The 
baffle should be only of sufficient size to definitely 
shield all points of the source from all points of the 
measurement window. The exact baffle position is not 
critical, and minor deviations from this position can be 
made if such deviations will result in a smaller baffle 
or reduce the sphere wall areas shielded by the baffle. 
One of these wall areas is that which includes the 
measurement window, and will receive no direct radia- 
tion from: the source. The other shielded area is located 
in the opposite hemisphere and cannot be viewed from 
the measurement window, and thus can contribute no 
flux directly to the measurement window. 

Apparatus will be necessary, of course, to support 
the source being measured. This also should be coated 
white and should be as small as practicable. Any parts 
to be handled frequently are preferably chrome-plated 
with satin finish, so that the disturbing effect of their 
presence remains constant even though not so minute 
as if painted white. 

It is difficult to state a general rule in regard to the 
relation of sphere size to source size. If the lamp used 
as a standard of luminous flux to calibrate the sphere 
is of the same type and general dimensions as the test 
source to be measured, the relation of source to sphere 
size is less critical. Practice has proved that in work 
with incandescent lamps, clear or inside-frosted, sources 
up to three inches in diameter can be satisfactorily 
measured in the 60-inch sphere. This will be true only 
of relatively new and clean lamps. Special considera- 
tions must be taken in the case of lamps which have 
burned most of their operating life and may have 
darkened. 

If extreme precision is desired or if standard and test 
source involved are unlike in general size or self-absorp- 
tion, it is desirable to determine a correction for differ- 
ential self-absorption. This can be done by providing 
a very stable light source at some point in the sphere 
remote from the center, where the standard or test 
source will be located. This separate source should be 
baffled so that no radiation from it can fall directly on 
the measurement window or either the test source or 
the luminous-flux standard when in position for meas- 
urement or calibration. With the separate source 
lighted, the measurement-window brightness is ob- 
served with only the luminous-flux standard in posi- 
tion but unlighted, and again with only the test source 
in position, but unlighted. Equality in the two obser- 
vations indicates that self-absorption of the two 
sources involved is equal, and no correction is needed. 
If they are not equal, the calibration by the standard 
or the observation of the test source must be corrected 
appropriately by the ratio of the two observations of 
absorption. | 
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Spectral Reflectivity 

One of the problems connected with spherical pho- 
tometry concerns the paint used in the spheres. As yet 
no paint has been found which is spectrally nonselec- 
tive, and since the integrating action of the sphere 
amplifies any nonuniformity in the spectral reflectance, 
the problem is one of importance. With the introduc- 
tion of fluorescent lamps and their distinct spectral 
differences, the problem increased in complexity. 


If a perfectly nonselective paint were available (along 
with other components having equally sensitive re- 
sponses to all parts of the spectrum) the addition of a 
standard luminosity filter would complete the require- 
ments. However, since such a paint has not been devel- 
oped, the characteristics of the painted sphere must be 
determined. 

Various paints and painting methods can be com- 
pared by means of a spectrophotometric analysis of a 
sample of the painted surface. A baffle used in the 
sphere, for example, can be used to test the paint’s 
characteristics. This method has the advantage of ease 
in obtaining the reflectance values of the paint at any 
wavelength in the visible spectrum, but it also has a 
disadvantage in that the sample used is just a sample 
—a measurement of single reflectance—whereas in the 
sphere multiple reflections exist. Thus the single-reflect- 
ance measurement does not represent the total effect of 
a sphere coated with this paint. It also fails to include 
the effect of supporting apparatus and baffles in the 
sphere. The method used in the Laboratories is to 
obtain spectral data on the light emitted from any 
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WAVELENGTH IN MILLIMIGRONS 


Fig. 2. Spectral distribution of a daylight fluorescent lamp a. The 
same lamp, after being modified by multiple reflections within the 
sphere, is represented by curve b 
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source within the closed sphere, and to comipare t 
with data from the same source outside the photon 
and away from reflective material. 


Whenever possible, an incandescent lamp and a d 
light fluorescent lamp or an incandescent with’a b 
bulb are used in each sphere. Either of the latter t 
sources can be used, their purpose being only to 
crease the relative amount of blue light emitted fr 
the source and thus increase the accuracy of the pai 
absorption data in the blue region. The tungsten la: 
has a spectral-emission curve which produces sufficic 
energy in the longer wavelengths. In utilizing t 
method on spheres used for fluorescent photometry 
tungsten lamp of 150 or 200 watts is used to give su 
cient brightness along with a 40-watt daylight fluor 
cent lamp. A spectrometer is placed in such a mani 
that, with the receiver and filter housing removed fr 
the sphere, the diffused light from | the frosted gl: 
measurement window fills the entrance slit. A spect 
curve of both sources is obtained with the sphere clos 
Both lamps are then removed from the sphere and t 
spectral curves are again obtained, with the spectro 
eter in such a position as to view as much of the sou 
as possible. A comparison of the two spectral curves 
each source, wavelength by wavelength, will result 


the spectral selectivity of the paint used. : 
The ratio R, of the two spectral curves is, of cour 
Rx mn Ey in ; ; 

Ey out « 


“where F) jn is the relative spectral data of either lan 


at any wavelength with the sphere closed, and A, 
is the relative spectral data of the same lamp out! 
the sphere at the same wavelength. ; 

Spectral curves of a daylight fluorescent lamp ) 
and out of the sphere can be found in FIG. 2, and 1 
resultant paint-selectivity curve of a typical sphere: 
Fic. 3. It is necessary to obtain the paint- selectivi 
curve for each sphere, for, while they do not difi 
markedly in their selectivity, they are not identic 
Although it appears to be white to the eye, the to 
reflectivity of this type of sphere paint permits 0 
half of the blue light, as compared with the yellc 
green region, to be reflected. 


Measurement Window 

The use of a measurement window provides ac 
venient means of observing a close equivalent 
sphere-wall brightness at the measurement point. 
window should be no larger than is necessary to provi 
a good measurable quantity of flux for the receiver! 
three-inch-diameter circular window has been fount 
be quite satisfactory. It should be so located as 
smoothly complete the inner surface of the sphere. | 

The window must be of diffusing material and be¢ 
nonselective, spectrally, as possible. Although visue 
clear glass is used, the ground or etched surfaces, 
must be made to obtain diffusion, will cause the 3 
dow to be somewhat selective spectrally. This is 
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e the diffusing surfaces cause greater scattering of 
energy at the shorter wavelength, the blue light, 
ting in a reduced over-all transmission of the 
low in the blue end of the spectrum. For this reason 
measurement window is included in determination 
tal spectral reflectivity of the sphere as described 
le preceding section. 


ticable Structures 

ne spherical enclosure can be made of any material 
tucture that will retain physical shape and that can 
itisfactorily painted on the inside surface. Spheres 
e of sheet metal are very practicable, as they are 
dy and can be modified easily with doors, windows, 
ther openings and supporting mechanisms can be 
reniently attached. Such spheres can usually be 
ined from a boiler works. 

any boiler works will supply the sphere with some 
of stand or attached legs and also construct it with 
ed hemispheres so that it can be opened for lamp 
‘tion. If the opening-hemisphere design is chosen, 
halves will best meet in butt surfaces, one of which 
be surfaced with a strip of 14-in. white felt, the 
le edge of the felt being kept flush with the inside 
rical surface. Allowance for the felt must be made 
1e hinge. Even if the sphere is not to be opened at 
ispheres for lamp insertion, it should be so con- 
eted that hemispheres can be taken apart for paint- 
of the inner surface. In this case the hinge and felt 
not needed, and the halves can be drawn and held 
ther in any convenient manner. 

it is intended to add a small door to the sphere it 
lvisable to obtain an additional spherical segment 
1 which a door can be cut. This will be more con- 
ent than using the section cut from the sphere for 
opening as a door. When doors are used to insert 
9s for measurement, the lamp socket can be 
nted on an arm which swings about an offset 
ical axis. It is then convenient to connect the door 
‘arm through a linkage by which the socket is 
ed from the center of the sphere to the opening 
n the door is opened. This can be seen in Fic. 1. 
nall spheres, 30 inches or less in diameter, can 
‘be made of hemispheres spun from aluminum or 
yer. This process provides a very light and well- 
led sphere that can very easily be modified. 
yminated plywood can also be formed into spherical 
ons and held in proper position by a surrounding 
ide structure. This results in a very light spherical 
ometer, which is especially important in the larger 
. A plywood sphere fifteen feet in diameter is in 
it the National Bureau of Standards.) 


ace and Its Application | 

; stated in an earlier paragraph, the three most 
yrtant requirements for the interior of a sphere 
i best be met by a spherical enclosure carved from 
agnesium-oxide block. However, since this is not 


“Large Photometric Sphere,’’ National Bureau of Standards, Technical 
Bullelin, vol. 32, no. 6, June 1948, pp. 65-66. 
oe 
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Fig. 3. Typical sphere-paint reflectance curve 


very practicable, experiments were made with a num- 
ber of different kinds of paint. The one finally decided 
upon consists of the ingredients magnesium carbonate, 
56 percent; latex, 12 percent; mineral spirits, 32 percent. 

This mixture is now made by the Benjamin Moore 
Paint Co. on special request, under the label ‘Iron 
Clad White Sphere Paint.’”’ Painter’s naptha, up to 
one-half pint to the gallon of paint, can be used for 
thinning purposes. 

The following methods are recommended for apply- 
ing this paint: 


New Spheres. After cleaning the base metal and re- 
moving all grease and rust, apply one coat of any good 
flat white wall paint. Then spray on a number of appli- 
cations of Iron Clad White Sphere Paint. This requires 
about two gallons of sphere paint for a 60-inch sphere, 
applied in approximately eight applications. 

Old Spheres. First, carefully remove any dirt that 
may be imbedded in the old surface, particularly in the 
lower half of the sphere. This can best be accomplished 
with a stiff-bristled brush or with steel wool. Then spray 
on two applications of Iron Clad White Sphere Paint. 
A 60-inch sphere will require about one gallon of paint. 

Experience has proved that best results are obtained 
by spray painting, since this eliminates brush marks, 
etc., resulting in a more even coverage. A De Vilbiss 
Type MBC gun with a 30 cap and E nozzle is suit- 
able, with air pressure maintained at 35 pounds by 
means of a gage and pressure regulator. Water and 
other foreign matter should be removed from the air 
lines by means of an air transformer, or a similar 
trapping device, to avoid contamination of the paint. 
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The paint should be sprayed on until the surface is 
uniformly wet, but care should be taken not to apply 
too much at one time, since this will cause it to run. 
By use of a 1000-watt drying lamp, successive applica- 
tions can be made at three- or four-hour intervals. 

Since proper integration depends chiefly upon the 
quality and condition of the paint, the interior of the 
sphere should be cleaned periodically to keep the sur- 
face free from dust and dirt. It is suggested that low- 
pressure air or a vacuum cleaner used as a blower be 
used for this purpose, since cleaning with a cloth may 
mar the surface. 

The integrating qualities of a sphere may be checked 
from time to time with a vacuum lamp having a C9 
filament and a bulb coated with white enamel from the 
base to a point opposite the filament. A 50-watt A19 
Type B lamp will be quite satisfactory. 

This lamp should be placed in the sphere, properly 
centered in a base-up position, and measured for lumi- 
nous flux. It should then be inverted (base down) and 
again measured. When differences between base-up and 
base-down readings exceed three percent, the sphere 
should be repainted. This three-percent criterion applies 
only in the case of direct substitution measurements; 
that is, when standard and test source have similar flux 
distributions. In a newly painted sphere this difference 
should be less than one percent. 


PHYSICAL RECEIVERS 


History 

Original photometry used the eye as the measuring 
device. Since the eye is a very poor judge of the abso- 
lute value of brightness, many schemes and devices 
were employed to bring a known brightness into juxta- 
position with the unknown brightness so that the eye 
needed only to detect slight differences instead of abso- 
lute values. Among the most generally used devices 
were the Lummer-Brodhun photometer cubes and the 
flicker photometer. The Lamp Measuring Laboratory 
made greatest use of the Lummer-Brodhun trapezoidal- 
contrast photometer cube with eight- to ten-degree 
field of view. 

There are now available many physical receivers 
which offer advantages in practicality, precision, and 
accuracy over methods employing the eye as a meas- 
uring device. Fic. 4 shows a few of the physical re- 
ceivers—mostly phototubes—which have been tried in 
the Laboratory. 


A phototube consists primarily of a photoemissive 
cathode and an anode, in an envelope that may be 
either evacuated or gas-filled. Although the gas-filled 
tubes have greater sensitivities, the vacuum photo- 
tubes are more stable and linear in response to light, 
and thus better suited for photometric measurements. 
The vacuum phototube is often used in the measure- 
ment of light transients, such as photoflash lamps and 
flashtubes, since the response time is limited only by 
the usual vacuum electron tube parameters. Most other 
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“monly used in light meters and photographic a 


Some of the early physical receivers tested in the General El 


Fig. 4. 
Company’s Lamp Testing Laboratories 


physical receivers that have been used have some t 
lag in the response to light changes. The disadvante 
of the vacuum phototube are that it requires associé 
current-amplifying apparatus and high-resistance 
cuits in which leakage and dark-cell currents may 
come a problem. 

There is also a type of receiver based on the phx 
conductive principle. The response of this type, ¢ 
monly called the selenium cell, is a change of resiste 
due to changes of light on the cathode. Becausé 
certain limitations inherent in its design, it has not k 
as widely used as the others for routine photometr 

The thermopile can be used as a receiver, and’ 
the advantage over all others on the point of spec 
response, being uniform throughout the visible s; 
trum. This can then be modified by a standard lu 
nosity filter such as has been developed at the Nati« 
Bureau of Standards.@) However, since speed of) 
sponse is low and there is no absolute zero, a differa 
of two readings must be observed. Also, since amb! 
temperature is a critical condition and the low curr? 
are difficult to measure, it is not practical for row 
photometric work, although it is a good precise rece 
when used under carefully controlled and 
laboratory conditions. 


+ 


oes eT 


Present Choice 

The photovoltaic type of receiver, such as is ¢ 
meters, is self-generating and requires no au xil 
power supply. The photovoltaic cell, sometimes ce 


@)“A Standard Luminosity Filter,” R. P. Teele and K. S. Gibsdhi | 
presented at annual meeting of Optical Society of America, Oct. 21— 
abstract in Jour. of Oplical Soc. of America, vol. 38, Dec. 1948, p. 109 


Fig. 5. 


Photovoltaic cell Type PV-1 with filter and mounting 


blocking-layer dry type, is made of a flat metal 
» with a number of extremely thin layers of other 
Us deposited on one surface. When light strikes the 
tive surface, a voltage is generated between the 
; and back surfaces of the cell. 

ost of the photometric work in the Lamp Testing 
ratory is now being done with the General Electric 
sovoltaic Cell, Type PV-1, which is shown with 
-and holder in Fic. 5. References made here to 
acteristics of these cells refer specifically to the 
stal Electric PV-1 cell, although they may in most 
nces apply equally well to other photovoltaic cells. 
ae spectral response is sufficient throughout the 
le spectrum to allow satisfactory modification by 
- filters to meet the standard luminosity curve. 
mn used with a measuring instrument of reasonably 
resistance (500 ohms or less) or with a current 
nce circuit (resulting in zero resistance apparent to 
cell) the linearity of response is very good and 
ts due to temperature variations are minimized. 
response time, although too slow for measurement 
ast light transients such as photoflash lamps, is 
= satisfactory for routine measurements of static 
; sources. 

smpensation must be made for the effects of tem- 
ry fatigue by exposing the cell to illumination of 
oximately the same level as will prevail during 
al measurement. A period of 30 minutes will 
lly suffice; however, no harm is done and complete 
lization is assured by illuminating the cell con- 
ously between measurements. In the Laboratory 
y photometers are illuminated overnight when 
surements are to be made the following day. 
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4 Fig. 6. Response curve of a photovoltaic cell 
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Spectral Characteristics 

The spectral-response curve of any physical receiver 
is dependent upon its photoemissive material. But for 
spherical photometry there are other conditions to be 
met which influence the choice of receiver as much as 
the cathode response does. The receiver used must be 
stable and linear to changes in radiant flux, and its 
response curve should peak near 550 millimicrons, 
which is the region of maximum eye sensitivity. 
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Fig. 7. Current-balance circuit (fof) and external connections 


Since the spectral response of any receiver varies 
from wavelength to wavelength, a complete examina- 
tion of the spectrum is necessary. A tungsten incandes- 
cent lamp that has a continuous spectrum is used as a 
source and is viewed by a monochromator. The receiver 
to be examined is placed at the exit slit, and the mono- 
chromatic light allowed to fall on the sensitive surface. 
The receiver (7) is connected through the appropriate 
circuit to either a galvanometer or an electrometer, and | 
readings taken on successive wavelengths. A thermo- 
pile (t) is then used to measure the same wavelengths, 
and by use of the relationship 7/¢ the data will form a 
composite spectral-response curve. Fic. 6 shows a 
response curve for a photovoltaic cell. 
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Measurement of Receiver Current 

The receiver current can be measured by several 
different methods. Most common are the current bal- 
ance and the microammeter. The current balance con- 
sists of a series of resistances and slide wires in the form 
of a potentiometer; Fic. 7 shows a diagram of the 
receiver circuit and the external galvanometer that is 
used for the final balance. 

The externally connected batteries produce a current 
that balances the current produced by the receiver. 
This balancing current is regulated by means of dials 
D and S to produce an opposing current equivalent to 
that produced by the receiver. Under this condition 
the galvanometer is in balance and the readings on 
dials D and S become a measure of the luminous flux 
produced by the test lamp. 

In the procedure of calibrating a Giese with a 
standard test lamp with known luminous flux, the dials 
D and S are set at the proper rating and resistors Rk; 
and R, are adjusted until the galvanometer is balanced. 

A self-contained galvanometer having a resistance of 
325-375 ohms, a sensitivity of 0.012 microamp per 
mm scale division, and a period of two or three seconds 
is satisfactory. An external critical damping resistance 
should be used. 

A microammeter connected directly to the receiver 
can be used instead of the current balance if the greatest 
accuracy is not required. The current from the receiver 
should be kept as low as possible, preferably below 50 
microamp. 

Direct luminous-flux values cannot be measured on 
the microammeter, but a constant can easily be deter- 
mined from the standard-lamp calibration and actual 
lamp values calculated. . 


PHOTOMETRY SPECTRAL RESPONSE VS. 
LUMINOSITY CURVE 


Luminosity Curve—Standard Observer | 

Most illuminants emit light at many wavelengths, 
and as the eye is a very selective receptor of energy at 
different parts of the spectrum, it is necessary to deter- 
mine the response of the eye with respect to wavelength. 
The eye responds to light between 3800 and 7600A, 
reaching the maximum at 5550A in the yellow-green 
region. 

Many determinations were made, by ‘several 
methods, of the spectral response of the eye. Appa- 
ratus was set up at the Bureau of Standards, and the 
spectral luminosity curve of fifty-two experienced ob- 
servers was obtained. These results were in close 
agreement with other data and were therefore adopted 
by the International Commission on. Illumination 
(ICI) as the standard luminosity curve. The luminosity 
curve is often referred to as the eye response of the 
standard observer. 


Choice of Filter 
An important goal of photometry is to rate lamps of 
any type as the standard observer does. This can be 
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accomplished only if the response of the photomet 
almost identical to that of the eye. As pointed - 
previous sections, both the sphere paint and the 
ceiver itself have response curves that differ enc 
from the luminosity curve to require a suitable ; 
to correct those differences. The transmission of 
filter must be such that the combined spectral qua 
of sphere paint, measurement window, receiver, 


RELATIVE RESPONSE 


500 
WAVELENGTH IN MILLIMICRONS 


Fig. 8. Combined-component response curve a compared with tum: 
nosity curve b } 


filter will match that of the luminosity curve as cl 
as possible. 

Through the use of an average sphere-paint selatt 
curve, a measurement-window transmission curve: 
a typical receiver-response curve, a satisfactory — 
was made. Each filter is composed of two pieces: 
Corning 3304, which is an extra-dark signal-y 
shade, 74 percent standard thickness; and one Cox 
3405, standard thickness, which is a medium blue-s 
shade. The two pieces are cemented together to 1 
one filter, which is placed directly in front of 
receiver. 

Before a sphere is first put into operation, the. 
acteristics of the receivers and filters are examine 
find a combination which, with the sphere paint’ 
produce a curve that duplicates the luminosity ¢ 
as closely as possible. Comparison of a combined- 
ponent response of a typical photometer with 
luminosity curve is shown in Fie. 8. 


September, ' 


il Calculation of Spectral Response and Corrections 

etermination of the spectral selectivity of each 
erical photometer now makes it possible to com- 
sate for the variance of the components by apply- 
correction factors for each type of lamp used in the 
ere. Through judicious choice of equipment, photo- 
ric results with an error of less than two percent, 
spt for saturated colors, can be obtained without a 


: 600 
WAVELENGTH IN MILLIMICRONS 


Fig. 9. Spectral distribution of two fluorescent lamps, daylight a 
and soft white b, and that of an incandescent lamp c. The curves 
illustrate the differences in the blue region, as well as other parts of 
the spectrum, between two types of fluorescent lamps and an incan- 
jescent standard lamp 


‘ough study of the photometer components; but 
variations must be considered if good photo- 
ric data are to result. 

arger corrections will have to be applied in the case 
luorescent photometry than in incandescent pho- 
etry. This is because there is a higher percentage 
lue energy emitted from fluorescent lamps in com- 
son with an incandescent standard, as shown in 
9. A sphere used only for incandescent photom- 
will have negligible corrections to apply (if the 
dard lamp and the test lamp are the same) because 
1e similarity of the incandescent test lamp’s spectral 
ribution to that of the incandescent standard lamp. 
e both lamps are the same spectrally, the amounts 
phere-paint absorption will be similar, as will the 
tral response of the components. 

1 order to obtain the effective coefficient at each 
elength for the entire instrument, it is necessary 
now the spectral characteristics of all the parts of 


ember, 1951 
ae 


GENERAL ELECTRIC REVIEW 


the photometer. The effective coefficient is made up of 
the sphere paint’s spectral selectivity multiplied by the 
spectral response of the receiver and the spectral trans- 
mission of the correcting filter. Because of the method 
chosen in the laboratory, the transmission of the meas- 
urement window is automatically a part of the sphere- 
paint data. The method of obtaining the spectral data 
of the receiver and filter has been more fully covered 
in an earlier section. 


Multiplying the spectral data of the three compo- 
nents at each wavelength will give the effective coeffi- 
cient at that wavelength for the one particular pho- 
tometer made up of those components. Since the effec- 
tive coefficient is a function of the wavelength, the 
spectral characteristics of all the sources to be measured 
in that sphere, as well as the incandescent standard, 
must be known for each wavelength. Then, since the 
response of the spherical photometer is approaching 
the luminosity curve, a ratio can be obtained for a 
fluorescent lamp: 


ZH Sy _ 


==R 
LER: y 3 


(1) 
where S) is the effective coefficient at any wavelength, 
and y is the luminosity value at the same wavelength. 
Similarly, when using the incandescent standard lamp, 


ZEON 


Dap aS y spt 


(2) 
So that when checking up with an incandescent-lamp 
standard and then photometering a fluorescent lamp 


Ike : 
—=Correction factor 
Rp 


(3) 

The photometric reading of the fluorescent lamp can 
be multiplied by the resultant correction factor in order 
to obtain the correct photometric values. 


TABLE I 


CORRECTIONS FOR FLUORESCENT SPHERICAL PHOTOMETER 
USING 100-WATT INCANDESCENT.LAMP AS STANDARD 


Fluorescent Lamp Type Correction 


Std Warm White 0.995; 
Std Cool, White 0.992; 
Daylight 0.989; 


It should be noted from Equation (8) that different 
combinations of incandescent standard lamps and 
fluorescent test lamps will, by virtue of their changing 
spectral ratios, result in different correction factors. 
A typical set of corrections for use in a fluorescent 
spherical photometer, when using a 100-watt incandes- 
cent lamp as a standard, is shown in Table I. 


(To be continued) 
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REMOTE-CONTROL WIRING SYSTEM 


Design and operating principles of the remote-control-system components. 
Combined in various ways, they offer numerous advantages and a variety of 


applications beyond those obtainable with the conventional wiring system 


By H. H. WATSON 


Construction Materials Division 
General Electric Company 


U NTIL the introduction of the remote-control wir- 
ing system several years ago, there had been no 
significant change in the control of lighting outlets 
since the incandescent lamp was first used. In most 
lighting installations, the energy levels are low enough 
to be adequately controlled by simple manually oper- 
ated single-pole snap switches. Large blocks of lighting 
load in industrial and commercial occupancies have 
been controlled at times by magnetic switches and even 
by circuit breakers. However, the conventional snap 
switch is almost universally used throughout the entire 
world as the traditional control for lighting—it may be 
the flush wall switch at the doorways in dwellings or 
offices; it may be the switch which is part of the lamp- 
holder of a simple one-lamp fixture; it may be the switch 
in the base of a bridge lamp; or it may be the switch 
which floods the interior of the refrigerator with light 
when the door is opened. For many of these snap- 
switch applications, the remote-control system offers 
the same advantages, economies, and ease which char- 
acterize the use of magnetic controllers for motors. 


Fig. 1. 


120-277-volt leads 
Plastic cap 


Contacts (shown in closed 
position) 


Over-center spring mech- 
anism 


Base 


(@o} 
(2). 
(3). 
(4). 


(5). 
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Remote-control relay, the foundation unit in the remote 
control wiring system (left). Cross-sections of relay showing ar- 
Tangement of contacts and operating mechanism (right) 


(6). 
(7). 
(8). 
(9). 


(10). 
(11). 
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The Remote-control System 

The remote-control system is essentially the appl 
tion of electromagnetic switches to lighting-circuit « 
trol. In meeting the applicable requirements of 
National Electrical Code and the Standards of Un 
writers’ Laboratories, Inc., use has been made of ] 
voltage control circuits with the economies in wt 
costs and added safety which are afforded by the 
of low voltage. Historically, there have been a num 
of systems of this type; some of them appeared be 
1910, but not until recently have these systems. 
which three are now available, come into general 
The reason for the success of the present rem: 
control system and the failure of its predecessor 
that the present system was designed to be used: 
gether with other standard wiring materials, anc 
be installed by established trade practices. Becz 
the system was designed to. meet the existing: 
quirements of the National Electrical Code ana 
Underwriters’ Laboratories, Inc., no question of) 
approval was involved. 


Latch for holding relay 
in 4-in. knockout ; 


Opening coil 
Metal body 
Solenoid plunger 
Closing coil 
Low-voltage leads 


i 


em Components 

Relay 

he foundation unit of the General Electric remote- 
rol wiring system is a single-pole_ single-throw 
ble-coil relay (Fic. 1). The relay contacts are oper- 
i by momentarily energizing either the opening coil 
losing coil. The contacts remain latched in either 
open or closed position with no further application 
sntrol power. The coils are designed for low-voltage 
‘ation from a standard NEC remote-control power 
aly. The relay is unusual with respect to its mount- 
arrangements in that three requirements are met 
2 single design feature. As can be seen in Fic. ve 


sperating coils and magnetic structure are enclosed 
‘metal barrel on which is mounted an insulating 
nber housing the contact structure and the detent 
m. This design provides these three features: 


(1). The relay is mounted by inserting the metal 
rel through a 14-in. knockout in a standard outlet 
x or other metal enclosure. Spring-biased dogs 
etually lancings in the side of the relay barrel) hold 
e telay in place when installed. 

(2). When so installed, as shown in Fic. 2, the 
cessary physical separation of the power circuit 
id the control circuits required by the NEC is auto- 
atically established with the power circuits confined 
th 1e metal enclosure of the raceway, and the control 
cuits isolated by being on the outside. The same 
It is accomplished when the relays are mounted 
-in. knockouts or holes in metal barriers in ap- 
priate metal cabinets which have both high- and 
v-voltage compartments. 

(3). Equipped with flexible leads, the relays can 
easily removed for inspection, maintenance, or 
onnection. 


=. ; ; 
Contact Structure and Detent Mechanism 
le contact structure and detent mechanism is an 
tation of a standard precision snap-acting switch 
n selected for extremely long mechanical life. The 
ucts are of silver and are rated 15 amp at 125 volts 
| ‘amp at 277 volts a-c; 4 hp at 125 volts a-c. 
[5-amp 125-volt a-c rating is approved for tungsten- 
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filament-lamp loads. At both the 15-amp 125-volt a-c 
and 5-amp 277-volt a-c ratings, the relay will handle 
its rated current of fluorescent-lamp ballasts; the 50- 
percent current derating factor for inductively loaded 
snap switches does not apply. 


The Power Source 

Control power for the remote-control wiring system 
is in accordance with the requirements of Article 725 
of the National Electrical Code. Under the NEC regu- 
lations, a remote-control or signal-circuit system in 
which the potential is limited to 24 volts and the maxi- 
mum current limited to 3 amp is excused from com- _ 
pliance with many of the requirements for standard 
branch-circuit wiring used at normal utilization poten- 
tials. The power source is a 120- to 24-volt high-react- 
ance transformer listed by Underwriters’ Laboratories, 
Inc., for this service. This transformer, shown in FIG. 3, 
may be short-circuited continuously at its 24-volt 
terminals without exceeding its rated temperature rise, 
and the short-circuit current is ‘within the limits re- 
quired in the NEC. The low-voltage wiring is not re- 
quired to be in conduit or to be a listed raceway ma- 
terial, such as armored cable; it is only required that it 
be physically separated from the power wiring, unless 
insulated for the full voltage of the power conductors. 


The Control Wire 

Designed specifically for use with this system is a 
two- or three-conductor low-voltage control wire insu- 
lated with Type TW thermoplastic, shown in Fic. 4. 
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Fig. 5. One-, two-, and three-gang wall plates and low-voltage flush-mounted 
and surface-mounted switches for controlling relays 


The conductors can be separated by tearing the web 
of insulation holding the assembly together, as is done 
with the well-known rip cord used on portable appli- 
ances and lamps. An ingenious use of ribbing on the 
conductors serves as identification. This wire is suit- 
able for all interior or dry locations and may be in- 
stalled in raceways, if necessary. A similar wire with 
¢z-in. insulation of Neoprene is used for direct earth 
burial or for any out-of-door or exposed location. 
When installed overhead, it is suspended from any 
appropriate messenger wire. 


The Control Unit 


Because either of the two coils of the relay requires 


only momentary application of energy for operation, 
the minimum control unit for one relay is a single-pole 
double-throw momentary contact switch or push- 
button. Fic. 5 shows the several forms in which such 
a switch is available for the remote-control system. 


Because these control units are used in the 24-volt. 


circuit, they are excused from compliance with many 
of the requirements that are applicable to conven- 
tional snap switches in lighting circuits. The basic unit 
—made up of the operating button, the contact struc- 
ture, and necessary terminals and mounting bracket— 
is used in several different assemblies for various appli- 
cations. In one form, it is a surface-mounted unit 
suitable for mounting on either insulating or conducting 
surfaces; it can be used on metal door frames or metal 
desks, directly on all types of walls or interior building 
surfaces, and will accommodate both exposed and con- 
cealed wiring. 

The same basic unit is available for mounting in 
conventional switch boxes in single, double, or triple 
units. For flush mounting, the switch element can be 
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supported by any of a variety of brackets becaus 
enclosure provided by boxes is not a requirement. 
use of a switch box, however, is a practice well kno 
to electricians and, because boxes are relatively in 
pensive, this is a popular method of installation. — 
One of the advantages of remote control, to be m 
fully considered later, is the ease with which multipo 
switching may be obtained. This advantage encoura; 
the collection of a number of switches at one point 
condition which has been recognized in the design 
the master selector, switch shown in Fic. 6. 7 
master switch provides means for operating each re 
independently or for operating a maximum of n 
relays in one operation. It is designed for flush-mou 
ing and is essentially a transfer switch serving to c 
nect in sequence a regular control switch into 
circuit of each relay to be operated. 


4 
Advantages and Functions i 

The various system components, taken together 
a great variety of combinations, comprise the appli 
tion story of the remote-control system. To ws 
why this system is used and what it presents in adv! 
tages and advances over conventional wiring can b 


be presented by considering these points: q 


(1). In the remote-control system the pov 
wiring does not run to the control location asm 
conventional switches where all of the control 
energy has to flow through each switch location. 

(2). The relay can be located at the lighti 
outlet, or at any point selected, to reduce the 1& 
of the power wiring to straight runs from the 
board to the fixtures. 

(3). Multipoint control is obtained by simi 


ral ene sent 


ese 


Fig. 6. Master selector switch showing front view (top) | | 
rear view (bottom) : 


] 


mber of switches which can be used to control a 
igle relay. 

(4). The relays require only momentary Gneren 
g for operation; a single transformer is sufficient to 
pply control power for a large area. 

(5). As many as four relays, their coils wired in 
iltiple, can be operated simultaneously from a 
igle control switch. This property of the remote- 
ntrol system which permits control of loads in 
arate branch circuits is not available in con- 
ntional systems. 

(6). Positive identification of the switching oper- 
ion is obtained because the same side of each switch 
Ways means ON and the other side Orr. In con- 
ntional three-way and four-way installations, the 
sition of the switch trigger is not significant, and 
nce conventional switches are nonindicating. 


(7). Relays can be controlled from distances as 
note as 1500 ft, a condition not generally practical 
th standard wiring because of voltage drop. 

(8). The use of 24 volts in the control circuit is 
safety factor. This is particularly of great impor- 
ace in the use of elevated distribution voltages for 
orescent lighting. 

(9). Remodeling, relocation of partitions, and 
wiring generally are simplified by using the remote- 
atrol low-voltage switching components. 

(10). Controls are small, and their shallow depth 
is in installation in thin partitions. 

(11). The circuits are simple, and no more com- 
te electrical layout is required by the contractor 
in with a conventional system. 

42). The 277-volt 5-amp rating permits the 
ay to be used in 480Y/277-volt distribution for 
hting. 

43). The installed cost of the remote-control 
tem is comparable to systems using conventional 
terials. ; 

M4). The simple master switch provides a new 
wcept in lighting control, the application of which 
limited only by the ingenuity of the engineer or 
hitect. . 

45). The components in their simplest form are 
ble in frame construction and for surface wiring. 
fire-resistant construction, similar economies are 
vilable because there are savings in conduit, 
Iding wire, labor, and maintenance. ; 
With proper fittings, the system can be used out- 
doors and even in hazardous locations. 

16). This system is completely compatible with 
ventional systems, and either one can be used 
complement the other. 

17). The dollar savings in the use of remote 
trol increase as the use of multipoint control 
reases. 

1 3). In addition to the savings and obvious 
antages of this system, architects, contractors, 
| builders have in it a new sales feature which has 
a 
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Fig. 7. Elementary diagram showing one relay controlled from one switch 


Fig. 8. Elementary diagram for one relay with multipoint control 


Fig. 9. Elementary diagram showing a number of relays controlled from a 
single push-button station 


been sought for many years to direct attention to the 
need for good wiring. 

(19). Although the remote-control relay is not 
intended to serve the functions of either manual or 
magnetic motor control, it is a much more satis- 

. factory control device for those equipments, such as 
attic ventilators, which heretofore have been oper- 
ated from motor-rated snap switches. 

(20). All of the components are designed for use 
in combination with existing standard wiring ma- 
terials in agreement with applicable codes and ordi- 
nances. These new components are marketed through 
existing distribution and sales channels, a feature 
which has been lacking in the promotion of many 
otherwise splendid developments in the construction 
materials field. It should be noted here that the 
engineers have applied good economic philosophy. 


Applications (Figs. 7, 8, and 9) 
In the Home 

To illustrate the use of the remote-control wiring 
system, only a brief mention need be made of its use 
in residential occupancies. The use of protective light- 
ing is so well established in industrial areas that its use 
in private homes is worthy of consideration. With a 
remote-control master switch at the.bedside, it is a 
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simple matter to illuminate the house, including the 
porches and garage, whenever it is believed that prow- 
lers are about. To the housewife who may be alone at 
night, this is particularly comforting. 

It is likewise desirable to be able to walk into a fully 
lighted house after dark by having master switches in 
the garage and at the entrance to the house. With this 
availability of multipoint control at low cost, it is now 
a simple matter to locate switches at each doorway in 
every room so that there may be a pathway of light 
throughout the house. Many special applications have 
been made to attic ventilators, to a bathroom heater 
circuit controlled from the bedside, to the radio out- 
let from the telephone location, to the front door or 
garage light from the kitchen, and to countless other 
uses that will soon suggest themselves. 


On the Farm 

To all of the applications which may be made in the 
home, many more are added on the farm and in the 
farm home. On most modern electrified farms, a yard 
light on a central pole is the farmer’s own street- 


lighting system. With remote control, he can turn this’ 


light ON and OrF from the farmhouse, from his bed- 
side, from the barn, or from any building on the farm, 
and even from the gate at the highway. The barn 
lighting can be controlled from each entrance to the 
barn and, of course, from the farmhouse. The use of 
low-voltage switching reduces the fire hazard in farm 
buildings. 


In Industry 

In industry generally the applications are limited 
' only by the extent to which controlled lighting is desired. 
With remote control, it is possible to set up selected 
lights for watchman circuits and to control these cir- 
cuits from the different entrances by which the watch- 
man enters and leaves the area. Stockroom lights, 
always left on, can now be controlled from the stock- 
keeper’s desk. Protective yard lighting and general- 
purpose yard lighting can be controlled from the guard 
office or other central location, a valuable feature in 
bad weather. A few strategically located master 
switches for turning off all lights in any kind of factory 
or business establishment is assurance that these lights 
will be turned off at closing time. 

Similarly, for hospitals, schools, theaters, motor 
courts, bowling alleys, super markets, athletic arenas, 
illuminated signs, and on through the entire use of 
electric lighting these applications are multiplied. 


In the Office 


The most recent and probably the most spectacular 
application of the system is to office-building lighting. 
The economies of 480Y/277-volt distribution for power 
are well established. World War II saw a great ex- 
pansion of this system to supply fluorescent lighting 
through ballasts wound for 277 volts and controlled in 
large blocks from magnetic switches. The further ex- 
tension of the use of 480Y /277 distribution for general 
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use in office buildings has been blocked by the lac 

a suitable switch for controlling the small amour 
power required for lighting individual offices. The 
that opens the door to the use of elevated potentia 
office distribution systems is the remote-control 1 
with its 5-amp 277-volt rating. Conventional ; 
switches have a maximum rating of 250 volts. Swit 
rated 251-600 volts are too large and costly for ger 
office use, and magnetic or manual motor contro 
are similarly not suitable. The industry’s objec 
generally to the 480Y/277-volt system has been 
hazard of higher voltage. Now with remote con 
the lights are safely controlled from 24-volt switc 

Recently, a study was made of a 180,000-sq ft o 
building with lighting loads at 55 foot-candles and 
volt outlet power at 1 watt per square foot. A comg 
son was made between 480Y/277- and 208Y/120- 
distribution from unit substation equipment on a 1] 
kv supply. The saving in the higher-voltage system 
$30 per kilowatt of installed electrical equipment 
4 lb of critical copper per kilowatt of equipment. 
actual savings in dollars, as shown in Table I, was 
proximately $44,000. It should be noted here that 
very striking saving is generally in the substation 
distribution materials rather than in the remote-con} 
system components which are but a few percent of 
total cost. Yet, it is the use of the remote-cor 
system which makes the saving possible. 


TABLE I ; 


RELATIVE COsTS OF 480Y/277-voLTtT AND 208Y/120-voLT pr 
BUTION SYSTEMS AND EQUIPMENT IN A TYPICAL OFFICE BUI 


(180,000 sq ft) 


SYSTEM 

EQUIPMENT i 
480 Y/277 208Y/120 

; 
Remote control $6750 $6750) 
Lighting branch circuits 29,800 42,4565 
120-volt circuits and 31,650 28,128 

transformers ; 
Panelboards 4515 49505 
Unit substation 36,000 55,300) 
Busway risers 6200 12,400) 
Air-conditioning 17,450 23,370 
equipment YW 
Elevator and fire pump 6470 90101 

equipment 

7 
TOTAT $138,835 $182,355 


Principal among the advantages in office occupa% 
is the facility with which partitions can be altere 
relocated, always a factor in modern office struct’ 
With the use of remote control, the basic modut 
space is treated also as a unit of lighting with! 
fixtures for each area wired through a relay contre 
the lighting in the module. The relays for as 1 
modules as form a single office are then wired thr‘ 
their low-voltage circuits for control over a me | 
trol circuit. Any rearrangement of space then req¢ 
the reconnection of only the low-voltage control wil 
space rearrangement previously required installe 
of new conduit and lighting circuits. 
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E OF THE COMPENSATOR ON STATION-TYPE 


VOLTAGE REGULATORS 


Some practical aspects of the utilization of the 
line-drop compensator and determination of settings 


for various load conditions or capacitor locations 


Central Station Engineering Divisions 


General Electric Company 


‘HE station-type voltage regulator is designed to 
perform two basic functions. It must (1) correct 
roltage variations occurring on the input side of the 
lator, and .(2) compensate for voltage variations 
‘occur tn the output circuits of the regulator. 
ae ability of the regulator to correct for input- 
voltage variations is the more universally recog- 
1 function. Since the regulator automatically cor- 
3 for such voltage variations, complete benefit of 
ture is always obtained. However, the ability 
le regulator to compensate for voltage variations 
h occur in the load area is often not fully utilized. 
-drop Compensator 
ne line-drop compensator is the device employed 
djust for voltage variations on the output side of 
regulator. A simplified schematic drawing of the 
lator and its associated line-drop compensator cir- 
is shown in Fic. 1. The adjustable R and X ele- 
ts in the control circuit make it possible to simulate 
al line impedances, as is done for individual-feeder 
lation. The line current J; ;yz flowing through the 
impedance (Rr;yzand Xzyye) causes a reduction in 
voltage V,. A line current transformer within the 
lator causes a proportional current to flow through 
compensator miniature line circuit. The resulting 
uge drop causes the voltage-regulating relay to see a 
age proportional to that existing at the load center. 
s the regulator will adjust its output voltage suffi- 
ly to maintain the desired load-center voltage. 
larly, the compensator-circuit adjustable R and X 
ents can also be used to hold voltage within pre- 
rmined limits for bus regulation. 
this article, individual feeder regulation will be 
idered with regard to only three of the more com- 
‘types of feeder loading: 


(i). Load concentrated at the end of a feeder 
(2). Distributed loading, with the first customer 


sated close to the regulator 
(3). Distributed loading with an express run be- 
een the regulator and the first customer? 


gulator compensator settings are easily obtained 
oad concentrated at the end of a feeder since the 
fonsideration here is to obtain 100 percent volt- 
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LK SP. ; 6: Simmerae 


age at the load center. The compensator impedance 
settings are simply adjusted to compensate for the line 
resistance and reactance drops plus the distribution 
transformer drop, if this latter modification is con- 
sidered desirable. 


Distributed Loading 

Where distributed loading is involved, care must be 
taken not to overexcite the first transformer out on the 
line. The voltage at the primary of the first transformer 
should be limited to approximately 105 percent during 


REG. 


Roome. 


COMPENSATOR CIRCUIT 


Va = REGULATOR TERMINAL VOLTAGE 


V_ = LOAD CENTER VOLTAGE 


Vc = CONTROL CIRCUIT VOLTAGE AT 
VOLTAGE REGULATING RELAY 


Fig. 1. Schematic diagram of a regulator with equivalent circuit for the 
associated line-drop compensator 


peak-load conditions. If the compensator were adjusted 
to hold 105 percent voltage at this point at all times, 
the voltage on the transformers near the end of the 
line would also be very close to 105 percent for light- 
load conditions. This would mean unnecessary over- 
excitation of all the distribution transformers on the 
line during light-load conditions. Therefore, it would 
appear more practical to set the compensator to hold 
100 percent voltage at some point out in the load area 
such that the voltage at the first transformer does not 
exceed 105 percent during peak-load conditions. During 
the light-load periods the voltage at the 100 percent 
point chosen for peak load would remain at the 100 per- 
cent levei. However, the voltage at the first transformer 
would reduce from the 105 percent value for peak load 
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to a value slightly above 100 percent for light-load 
conditions. This would result in a minimum of over- 
excitation of the feeder distribution transformers. It 
follows, then, that in cases where distributed loading 
gives a voltage drop of more than 5 percent between the 
first and last transformers on a feeder, a proper com- 
pensator setting will hold 100 percent voltage at a 


point short of the last transformer. However, as far as 


the compensator is concerned, there is no need to know 
where that 100 percent voltage point will exist. 

For example, assume that a feeder with distributed 
loading is designed such that at peak load an 8 percent 
voltage drop exists in the primary mains between the 
first and last transformers. The characteristics of such 
a feeder being known, the compensator resistance and 
reactance settings for the full 8 percent compensation 
can be determined through calculation or, more easily, 
through use of a nomogram such as that illustrated in 
Chart 1.* However, to prevent over-excitation of the 
first transformer, the compensator settings must be re- 
duced so as to compensate for only a 5 percent drop. 
The 5 percent compensation settings are then deter- 
mined by multiplying the 8 percent settings by the 
ratio %. It has been assumed here that the regulator 
is located at the first transformer. If the regulator were 
located remote from the first transformer, so that an 
express run existed, the R and X compensator values 
for this run would be added to the R and X settings 
required for the load area, after determining the settings 
based on the 5% ratio. 


RESISTANCE SIDE 


RESISTANCE PER CONDUCTOR (OHMS) 


oie. 
Bers 22 
som soa 


Chart 1. Nomogram for determining resist- 
ance and reactance settings in applying line- 
drop compensator to voltage regulator 


RESISTANCE SETTING TO COMPENSATE 
FOR PRIMARY CIRCUIT (VOLTS) 
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Capacitors in Feeder Circuits 

The addition of capacitors to feeder circuits: 
duces still another consideration in making proper « 
pensator settings. If the capacitors are connecte 
the source side of the regulator, the regulator will a 
matically correct for the capacitor effect; and pr 
line-drop compensation will be obtained without chi 
in the compensator impedance settings. However, 
often desirable or necessary to install such capaci 
somewhere beyond the regulator, but not necessé 
at the load center. In this case, the line drop com 
sator will respond to a current which flows thre 
only a portion of the feeder, and therefore, to ob 
proper compensation, adjustments must be made. 

The following examples, as illustrated in Fic. 2, 
serve to illustrate the methods for setting the line-c 
compensator under the various loading conditions n 
tioned. For purposes of these examples, assume thi 
1500-kva 2500/4330-volt load is fed over a two- 
line of No. 2/0 overhead copper wire with a 24 
equivalent delta spacing, through three 62.5-kvaft 2 
volt, 10 percent single-phase wye-connected stat 
type regulators. 


+ RO ity 


Case 1: Load Concentrated at End of Feeder 


For Case 1, assume that the 1500-kva load is 
centrated at the end of the two-mile line. The ] 
drop-compensator resistance and reactance sett: 


may be determined by Chart 1 as follows: { 
q 
REACTANCE SIDE H 
EQUIVALENT CONDUCTOR SPACING (INCHES) | 
20 30 40 se 


Nt 


\ 
i 


\ | 
N 
N 


CCN 
nha 


| 
VAS 


main 


ANN 


) 15000 
LENGTH OF FEEDER TO LOAD CENTER (FEET) | 


iad ts Qo, 


>» 
¥ 
*From General Electric Publication # 
G88E., FE 


Py 
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tA 50-kva regulator could have bes 
in this application. However, the au a 
to illustrate the use of regulators large 
required by the immediate load. This i i 
sidered a normal application in view of 
load growth. 


REACTANCE SETTING TO COMPENSATE 
FOR PRIMARY CIRCUIT (VOLTS) 


t 


. obtain the resistance setting, enter the lower 
ontal scale of the “‘resistance side” of the chart at 
0 ft and proceed vertically up until intersection 
ide with the line representing No. 2/0 conductor; 
horizontally to the Tegulator “current erenciormer 
[| primary current,’’ in this case 250 amp; then, 
cally down to the 20:1 wye “‘potential ratio” line, 
horizontally to the left for the resistance setting 
h is thus found to be 10.8 volts. 

) determine the reactance setting, enter the upper 
horizontal scale of the “‘reactance side” of Chart 
24-in. spacing; drop vertically down to the line 
senting No. 2/0 conductor; and proceed _hori- 
ully to the right to the vertical line marked 20,000 
‘om there, follow the radial guide lines back toward 
rigin at the lower left corner of this group until 
section is made with the vertical line corresponding 
e feeder length to the load center (10,560 ft); trace 
Ontally to the left to the regulator ‘‘current trans- 
er rated primary current’? (250 amp) and ver- 
y down to the 20:1 wye ‘potential ratio’ line; 
horizontally to the right for a compensator react- 
setting of 15.4 volts. 

le settings of resistance and reactance thus 
mined will give 100 percent voltage at the pri- 
‘of the distribution transformer. These settings 
d be increased slightly if the operator deemed it 
able to compensate for the distribution trans- 
er resistance and reactance drops. These drops 
d be calculated on the same voltage base as are 
ine drops. 


2: Load Uniformly Distributed 

t Customer Near Regulator) 

“this case, assume the same. parameters as for 
‘1, except that the 1500-kva load is uniformly dis- 
ted, with the first customer located near the 
ator. For a load uniformly distributed over a 
ft, the voltage drop to the end of the line is the 
as if the total load were concentrated at a point 
ray out on the feeder. Consequently, the effective 
rT length in this case is one mile. Again in Chart 1 
ompensator resistance and reactance settings for 
rcent voltage at the primary of the last trans- 


it 4 
ieee 
W, 


a 


er are found to be or 5.4 volts and 


oe 


ols respectively. However, from the formula, 


Rcosé+X sin 2) 
10 kv? 


percent SOME drop =kva ( 
a that, at 0.9 power factor lagging, the voltage 
between the first and last transformers at peak 


is 
4 0821 X5.28 X0.9+0.117 X5.28 X0. 480) _s < 
10 X (4.33)? 


ore, in order to hold the primary of the first 
former. at 105 percent voltage, it will be necessary 
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CASE #1 3 #2/0 COPPER WIRE 
2500/4330 K GR. WYE 


1500 KVA 


}+——_____________ | 
CASE *2 3 


1500 KVA 


}«~——______________2 | 


1500 KVA 


}-—————1 mi, ———ol —____ mI, ————-»| 
CASE *4 j 


450 CKVA 1500 KVA 


| 2 Mi, ___——________> 


CASE #5 3 Wee ae an 


450 CKVA 1500 KVA 


—— M1, ————plg M1, >| 


Fig. 2, Examples of typical loading conditions 


to reduce these resistance and reactance settings 
by the ratio of 5/5.34. Hence, the proper resistance 


K 


or 
5.34 


setting is 5.4X 5.1 volts, and the proper re- 


ates 5 
actance setting is iO Soar or 7.2 volts. 


As a matter of interest, on a feeder with uniformly 
distributed loading, the distance of the 100 percent 
voltage point out from the regulator can be determined 


from the formula L,= AG —A/1— uy) where L is the 


total length of the line, V, is the voltage drop to the 
point L, and V is the voltage drop to the end of the 


feeder. From this relation L,= 10 50(1 — vie Se 2-)- = 


7840 ft. With the compensator set at R=5.1 volts and 
X =7.2 volts, as determined, this point will be fixed at 
100 percent voltage. It is also of interest to note that 
it was not necessary to calculate this point in order to 
determine the correct compensator settings. 

Since the full-load voltage output of the regulator 
has been reduced from 5.34 percent volts (complete 
feeder compensation) to 5 percent volts compensation, 
the entire voltage profile has been reduced 0.34 per- 
cent. Thus, at full load, the voltage at the primary of 
the last transformer will be 100—0.34 or 99.7 percent 
of rated voltage. 


Case 8: Load Uniformly Distributed 
(First Customer One Mile Away) 


Assuming next the same conditions as existed under 
Case 2, except with the first customer located one mile 
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ASSUME Vc ORIGINALLY SET TO HOLD 120 VOLTS. WITHOUT 
CAPACITORS V,*Vc +120 V. WITH CAPACITORS PRESENT, TO 
MAINTAIN A LOAD CENTER VOLTAGE V, 7 120 V, Vc MUST BE 
INCREASED AN AMOUNT IcX, =-~orpee—(ILXL). SINCE THE 
COMPENSATOR REACTANCE SETTING = —SATEO REG. THRU KVA) (7, y, ), 


LOAD KVA 
CAR CKVA 
IcXu* Thateo nec. THRU KVAD: (COMPENSATOR REACTANCE SETTING) 


WITH CAPACITORS PRESENT, TO MAINTAIN A LOAD CENTER VOLTAGE 
~ I¢Xx 
Vv. = 120, Vc MUST BE INCREASED AN AMOUNT aa OR 


CAP. CKVA (COMPENSATOR REACTANCE SETTING) 
(RATED REG. THRU KVA) 2 


Fig. 3. Compensator circuit vector diagrams for capacitors connected (Case 
4) to regulator output terminals and (Case 5) half-way between regulator 
and load 


from the substation, the effective length of feeder to 


5280 
the load center is 5280+—— or 7920 feet. In this 


case, Chart 1 gives R and e settings of 8.1 and 11.6 
volts, respectively. The voltage drop between the first 
and last transformers will be 2.67 percent or just half 
of what it was in Case 2. Therefore, there is no danger 
of over-exciting the first transformer, and the com- 
pensator R and X settings do not require correction 
as shown in Case 2. 


Case 4: Capacitor Bank at Output Terminals 


Going back to Case 1, assume that a 450-ckva 
capacitor bank is connected to the output terminals of 
the regulator. Use of the same compensator settings 
(R=10.8 volts and X=15.4 volts) would result in 
a reduced load-center voltage because the capacitor 
current which has been introduced in the compensator 
circuit will not flow in the feeder. Assuming that in 
Case 1 the voltage regulating relay was set to hold 120 
volts at the load center, it will now be necessary to 
increase the compensator R and X settings, the voltage 
relay setting, or both, in order to maintain the same 
load-center voltage. In any event, there will be a varia- 
tion in this voltage with a change in load power factor. 
However, the error will be kept to a minimum by re- 
taining the R and X settings used when the capacitors 
were not present and increasing the voltage relay 
setting by an amount 


Capacitor ckva 


2 ata Se PED eae C : 
Rated reg. through <x) gl cipp Sy SaLOn ee) 


L, 


ance Setting) X (: oF 


where L is the distance from the regulator to the load 
center, and L, is the distance from the regulator to the 
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capacitor bank. This relation can be seen from a 
of the upper vector diagram in Fie. 3. Consequently, 
compensator settings should remain 10.8 volts res 
ance and 15.4 volts reactance, as in Case l, and 
voltage regulating: relay should be adjusted to h 


120+ = X15 or 123.7 volts. Fic. 4 shows t 


1875 
for No. 2/0 wire the load center voltage Vz; devie 
slightly from 120 volts with increasing power fac 
the greatest deviation being obtained in the lead 
power-factor range. Curves are also shown for No. 


1500 KVA LOAD 2 MILES FROM 
SUBSTATION. 


450 CKVA OF CAPACITORS AT 
SUBSTATION 
CAP. CKVA 


V.R.R. SET AT 120 + Thateo Reo. THRU KVA) 
X(COMP. REACT. SETTING.) 


LOAD CENTER VOLTAGE, V, 


0.6 0.7 0.8 0.9 1.0 0.9 0.8 : 
LAG LEAD 
LOAD POWER FACTOR 


Fig. 4. Load-center voltage vs. power factor for various wire sizes ca 
bank Iccated at substation) 


CKVA 225 
KVA * 1500 


1500 KVA LOAD 2 MILES FROM 
SUBSTATION. 

2/0 WIRE SIZE. 

CAPACITOR BANK AT SUBSTATION 

V.R.R. SET AT 120 + CaP CRVA 


(RATED REG. THRU KVA) 
X(COMP. REACT. SETTING.) 


LOAD CENTER VOLTAGE, Vv, 


CKVA - 1900 
MES “KVA_ 1500 __ 


0.6 0.7 0.8 0.9 1.0 0.9 Te |) 
LAG LEAD : ae 
LOAD POWER FACTOR 


Fig. 5. Load-center voltage vs. power factor for various ratios of capaa 
bank (ckva) to load (kva) with capacitor bank located at substation __ 
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, pet | | 
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w 
3 (ROG Ca Romie me ee | | 
: Seo Pea 
> = | 
LUC TA eee 
wl \ 
re , 
Pr 
8 ER 1500 KVA LOAD 2 MILES FROM SUBSTATION 
= 450 CKVA OF CAPACITORS | MILE FROM SUBSTATION 
o ° CAP. CKVA COMP. REACT. SET 
= \AR.R: SET AT 120 + (RATED REG. THRU vi 2 
ir) 
0.6 0.7 0.8 0.9 1.0 0.9 0.8 
LAG LEAD 
LOAD POWER FACTOR 
Fig. 6. Load-center voltage vs. power factor for No. 2/0 wire (caps 


bank half-way between regulator and load) 


— 


\ 


oT olen 


Ls 
— | 


125.5 


SEAGER: 
ew eea: 


el etek ENS 
Le 


124.5 


124.0 
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POWER FACTOR 


Ni Regulator output voltage as a function of load power factor, with 
is compensator voltage settings R and X (voltmeter set to hold 120 volts) 


No. 2 wire sizes. Fic. 5 is similar to Fic. 4 and 
yS variations in load-center voltage for various 
ys of capacitor bank ckva to load kva. 


ao: Capacitor Bank One M tle Away 

sume now that the 450 ckva capacitor bank is 
sed one mile out from the substation instead of at 
regulator terminals. As in Case 4 the compensator 
ngs should remain 10.8 volts resistance and 15.4 
3 reactance, but as can be seen in the lower vector 
ram in Fic. 3 the voltage relay setting should now 


o (en ee) La eee 
a Rated reg. through kva 
Reactance Setting) X (1— 4) 


+ X15.4X 14 =121.85 volts. Fig. 6 shows the 


ition in load-center voltage with power factor for 
case. 


Compensation 

‘addition to its applicability in individual feeder 
ation the line-drop compensator is applicable also 
1s regulation. However, the considerations for this 
cation are somewhat altered because line imped- 
is no longer a parameter used in determining the 
1d X settings. For bus regulation, the operator 
ly desires to hold a high bus voltage at peak load 
a lower voltage for light-load ‘conditions. For 
ple, if it is desired to hold 105 percent voltage 
volts) during peak load conditions, the voltage 
evel could be set to hold 126 volts. This setting 
as 
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would satisfy full-load conditions, but over-excitation 
of the feeder transformers would result during light- 
load conditions. 

An alternate method of accomplishing the desired 
results would be to hold the nominal 120 volts on the 
regulating relay and adjust the line-drop compensator 
to obtain the additional six volts at peak load. Fic. 7 
shows the full-load voltage held on the regulator bus 
as a function .of load power factor for various compen- 
sator R/X ratios. A half-load curve is shown also. 

An R/X ratio of 6/2 appears to give the most desir- 
able average bus voltage over the entire power factor 


‘range. The resistance setting of 6 volts and reactance 


setting of 2 volts are based on the full-load capacity of 
the regulator bank. If, for example, the regulator bank 
capacity was rated 1875 kva with 1500 kva represent- 
ing full load, as was the case in the earlier individual 
feeder regulation examples, the compensator settings 


1875 
would become pte: or 7.5 volts and X =—— 
1500 1500 


X2 or 2.5 volts; the ratio of 6/2 being maintained. 


Conclusions 

(1). Adjustable R and X elements in compen- 
sator control circuits make it possible to simulate 
actual line impedances for individual-feeder regula- 
tion or to hold voltage within predetermined limits 
for bus regulation. 

(2). In cases of distributed loading, care must be 
taken not to over-excite the first transformer out 
from the regulator. The voltage at the primary of 
the first transformer should be limited to about 105 
percent voltage during peak load conditions. This 
can be accomplished by multiplying the compensator 
Rand X settings required for complete feeder com- 
pensation by 5 and dividing that quantity by the 
actual percent feeder voltage drop, as in the examples 
given in Case 2 and Case 4. 

(3). The addition of capacitors to a feeder, on 
the output side of a regulator, will cause compensa- 
tion that must be adjusted to the new load condi- 
tions. The amount of error becomes greater as the 
capacitor location approaches the regulator. Mini- 
mum error in load-center voltage can be obtained by 
setting the compensator for normal peak-load condi- 
tions, as if the capacitors were not present, and then 
increasing the voltage regulating relay setting by an 
amount 


( Capacitor ckva 
Rated reg. through kva 


) xX (Compensator Re- 


2 Ly 
actance Setting) X{ 1— rf 


where L = distance from regulator to load center, 
and L,; = distance from regulator to capacitor bank. 

(4). For bus regulation, an R/X ratio of 6/2 
appears to give the most desirable bus voltage over 
a wide load power-factor range. These settings are 
based on the full-load capacity of the regulator bank. 
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FEEDER VOLTAGE REGULATORS 
WITH NINETY-NINE PERCENT ACCURACY 


Some comments upon the economic and technical benefits of high 
accuracy in feeder voltage regulation and the requirements 
for attaining it by proper design, manufacture, and application 


EARLY all power companies have established 
maximum and minimum limits for the voltage 
to be supplied to their consumers. These limits have 
been set generally by considerations of good engineer- 
ing practice and by local and state requirements on 
voltage limits where these are in effect. In maintaining 
voltage within the desired limits, there are important 
benefits both to the power company and to its cus- 
tomers from increased accuracy of feeder voltage 
regulating apparatus. This article will analyze briefly 
(1) specific and tangible benefits expected, and (2) 
the techniques and developments which will make 
high accuracy on standard regulators available to the 
utility engineer. 

High regulator accuracy is important because it 
makes possible improved feeder design. For example, 


a 
<4 
Vd 
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Regulator unit, with control panel door open 
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YY 
: 
' 
with better regulator control accuracy, more volt 
drop can be allowed in the feeder than with less 
curate controls. Thus existing feeders can carry m 
load—a most important consideration today w. 
shortages of critical materials exist; and when, fc 
given load, a feeder can be designed at lower cost, 
creasing capital investment. ; 
By use of the more accurately controlled regulé 
with existing copper and transformers, voltage spr 
on the feeder can be decreased. This allows the low 
feeder voltage to be raised, increasing the revenuad 
the utility and at the same time making the utili 
customer better satisfied through better operation 
his equipment.” 
Specific Dollar Values : 
The question arises: Can specific dollar values 
placed on high-accuracy controls? According to: 
analysis by engineers of one large power compan: 
a high-accuracy regulator control is indeed worth 
money. These engineers compared an improvement! 
regulator control accuracy to the capital investm 
necessary to obtain this same improvement by sys: 
strengthening and found that an increase in accu 
of only one volt (on a 120-volt base) would be wa 
$3 to $4 per circuit kva regulated. This repr ‘¢ 
$1500 to $2000 for a 50-kva regulator since a 10 .) 
regulator regulates ten times its rating in circuit 
This large saving comes from the fact that a gair 
one percent in accuracy results in a saving of m 
more than one percent, because this one percent 
crease in regulator accuracy effectively saves 10 pera 
of the regulator voltage range. 


WT 


Benefits in Terms of Voltage 


Variation of the customer’s voltage results princip; 


‘ 
from three causes: 


(2). Regulator band width 


.) 
(1). Line drop (including transformer drop) | 
(3). Regulator control errors : 


liens 


In a distribution system, the difference between 
maximum voltage of the first customer and the nt 


(1)Numbered references are listed at the end of the article. 


September, - 


horizontal position 


1 voltage of the last customer, over a period of 
, is the arithmetical sum of the three items listed. 
llows, therefore, that a decrease in one of them will 
y the utility engineer to increase another, while 
taining the same voltage spread on the feeder, 
tesultant savings in capital investment. By re- 
ag regulator control errors and exchanging the 
igs for line drop, more load can be supplied by the 
sr, or better voltage supplied to the customer with 
same line drop. 

ie first two items listed will cause the power cus- 
r’s voltage to differ from the desired value, but 
third factor is not always quite so apparent. In 
various control circuits, resistances change with 
erature, reactances change with frequency, and 
rol transformer ratios vary with load. To meet 
accuracy requirements, the control must direct 
gulator to hold the correct feeder voltage, within 
mits of the accuracy class, even though ambient 
erature, frequency, and load vary. On less-accurate 
rols, these variables introduce control errors which 
tively widen the limits of the voltage held at the 
ut terminals of the regulator. Thus control accuracy 
ld have equal consideration with band width in 
valuation of various regulators.) 


racy in Regulators 

r the utility engineer to fully utilize the advan- 
; of accurate regulation, he must be sure to obtain 
accuracy in the regulators he buys. A careful 
ysis of available controls, methods of insuring 
inuous accuracy, and design skills are all necessary 
rs. As an aid to such evaluations and to assist 
tablishing specification limits, ASA C57.15-1949, 
led ‘American Standards for Step Voltage and 
ction Voltage Regulators,’ includes standards on 
accuracy of regulator control devices. In this 
yn are defined three classes of accuracy: 


Mass 1: not over +1 percent over-all error 
lass 2: not over +2 percent over-all error 

‘lass 5: not over +5 percent over-all error 
ta 


Front of regulator control panel for 
ratings 25 kva and below. The hinged 
plate on the door becomes a conven- 
ient meter shelf when lowered to its 


Back of control panel is 
easily accessible 


For practical purposes, regulator control over-all 


error has been broken into five separate errors by the 
ASA Standards : 


(1). Potential-supply ratio error 


(2). Voltage regulating relay and ballast: error 
due to temperature changes 


(3). Voltage regulating relay and ballast error due 
to frequency changes 


(4). Line-drop compensator resistance compensa- 
tion error 


(5). Line-drop compensator reactance compensa- 
tion error. 


Step voltage regulator rated 750 kva, 12,000 volts, for +10 percent regulation 


GENERAL ELECTRIC REVIEW 49 


& 


The maximum plus error and the maximum minus 
error are determined for each of the listed five errors 
according to standard test outlined in ASA Test Code 
C57.25-1949 entitled ‘“American Standard Test Code 
for Step Voltage and Induction Voltage Regulators.” 
All the plus errors are then added together to obtain 
the regulator control over-all plus error. The total 
minus error is determined likewise. The plus errors 
are not added to minus errors algebraically so that they 
cancel, as this could easily give a false indication of 
accuracy. The largest total error, either plus or minus, 
determines the accuracy class of the regulator. For the 
control to be accurate within plus or minus one percent, 
ASA Class 1, it is obvious that each contributing error 
must be extremely small. 


Standard Regulators 

The production of standard regulators with ASA 
Class 1 control accuracy thus presented exacting manu- 
facturing problems. However, the benefits of increased 
control accuracy made it imperative to solve these 
manufacturing problems. To reach the goal of furnish- 
ing Class 1 accuracy as standard, a program was 
drawn up, co-ordinating laboratory, engineering, and 
factory effort. Each of these three groups was a dis- 
tinct element in achieving Class 1 accuracy. Skilled 
laboratory personnel and specialized equipment were 
required to make the measurements. From laboratory 
measurement of error, the problem became one of 
engineering refinement of design to bring errors to 
acceptable limits. 

One typical case may be cited: The voltage-regulat- 
ing relay came under close scrutiny. As a result, light- 
weight moving parts are now used to give immediate 
sensitive response; jewel pivots and close tolerances 
provide the sensitive element with the accuracy, stabil- 
ity, dependability, and long life of a high-quality 
measuring instrument. 


Factory Requirements 

The vital part of any such program, however, rests 
in the factory’s hands. The factory, through experience 
and skilled workmanship, must make the planning of 
laboratory and engineering a reality by meeting the 
exacting tolerances on production units. 

The precision manufacture of the ‘‘brain’’ of the 
regulator (the voltage-regulating relay) can be accom- 
plished only by skilled craftsmen. Years of experience 
have to be built into each relay to fit it for the important 
job it is to perform; and properly applied quality-con- 
trol tests will assure that temperature and frequency 
errors do not exceed design specifications. 


Production testing of each control circuit component 
affecting the error is vital to assure that the equipment 
going out the factory door will give the same results 
as when tested in the laboratory. This is the key to 
the availability of Class 1 accuracy as a standard 
production item. The effect of each variable on the 
error must be determined and manufacturing variations 
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controlled to hold the sum of errors within the 
imposed by ASA Class 1. 

Since the burden of accuracy falls on the produce: 
testing equipment, the laboratory- service section 1 
maintain this equipment. It must be checked peri 
cally for calibration, sensitivity, and proper operat 
Production-line units chosen at random must be g 
a complete laboratory test as a quality-control pr 
dure on over-all production. i 

These stringent quality-control measures are ne 
sary to assure ASA Class 1 accuracy. However, 1 
place in the power companies’ hands a vastly impre 
system-design tool that will enable them to even fur 
improve their operations and better serve their 
tomers. 

Possibilities for Future Benefits ; 
Each year the power companies’ customers 
millions of dollars worth of load-building elect: 
equipment, all of it voltage-sensitive to some ex! 
with respect to its optimum performance. The ut 
and its customers are becoming increasingly awar 
the advantages gained by good voltage regulat 
Only recently, however, has highly accurate cor 
equipment been available to fit in with the utili 
efforts for good voltage regulation. Certainly the uti 
customer’s concern over good voltage will conti! 
The voltage-sensitive nature of television sets, fluc 
cent lights, and various industrial processes has alra 
been analyzed by the many progressive utilities ~ 
a view to best meeting their customers’ requireme 
As load continues to grow and systems are further 
panded, high-accuracy regulating equipment wi 1: 
a role of greatly increased significance. “4 

With ASA Class 1 accuracy now available in stane 


looked. The alert utility engineer will not be wi li i 


7 


accept the losses and inefficiencies resulting from | 
accurate feeder regulators. The substantial savings 


<: } 


system improvement available indicate the accepti 
of nothing less than the best—now 99 percent ac ct 
feeder voltage regulators having ASA Class 1 cor 
accuracy. | 
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IINDING-INSULATION TESTERS 


Six types of surge-test equipment for 
production-line testing of coils and 


complete windings of rotating machines 


By N. ROHATS and E. C. SCHROM 


General Engineering Laboratory 
General Electric Company 


considering tests of windings it should be borne in 
ind that a coil has insulation between it and ground 
between its turns, and that a winding also has 
ation between its various coils. The insulation to 
id of machine windings is easily tested by the 
‘application of 60-cycle potential, and this type 
st is well covered by AIEE standards. The in- 
ion between coils of a machine winding can also 
bjected to 60-cycle stress before they are connected 
her. Such 60-cycle testing is well established as a 
convenient method of locating major defects in 
ation. However, it is not representative of insula- 
voltage stresses associated with surge voltages 
> operating conditions, particularly the turn-to- 
stresses. 

is is fully recognized in transformers, circuit 
ers, and insulators for which the AIEE standards 
'y impulse tests that are established as adequate 
insulation levels.” Such equipment is directly 


¢ 10-ky winding-insulation tester, used to test single-phase and 
three-phase motors 
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exposed to lightning and switching surges of from four 
to ten times normal line voltage. Machine windings 


' may be better protected, by transformers and by light- 


ning arresters and capacitors, so that the surge voltages 
reaching them are limited to several times normal. 
Occasionally a failure may be caused by a surge voltage 
that punctures the insulation and is followed by 60- 
cycle current. 


Surge-testing of transformers and other transmission- 
system components with single surges has a long his- 
tory and has developed into an everyday engineering 
tool. It is also used on the production line for power 
transformers. Such tests are covered by AIEE stand- 
ards. But it was not until 1942 that the demand for a 
practical and economical surge test for motor windings 
became strong enough to result in the development of 
such equipment. This article describes six types of 
production-line surge-test equipment for testing coils 
and complete windings of rotating machines. 


10-kv Type 

The 10-kv type, shown in Fic. 1, was the first an- 
nounced of the series of testers. Originally developed to 
test medium-sized three-phase motors, it has since 
been extensively applied to single-phase motors and to 
various kinds of small and medium-sized coils, and is 
also used for routine maintenance work and in service 
shops. It has been found adequate for motors as large 
as 2000 hp in the 2300-volt class. 


Three-phase Motors 

Fic. 2 is a simplified diagram showing only the surge- 
generator and output circuits. The surge-generator ca- 
pacitor of 0.05 uf is charged on each negative half- 
cycle from the transformer and rectifier. Its voltage is 
adjustable in two-percent steps, up to the maximum 
10 kv. On the crest of the positive half-cycle the sweep 
circuit operates to fire the thyratron and so to discharge 
the capacitor, through the 100-ohm resistance and 
through a synchronous reversing switch, into the wind- 


-ing being tested, in this diagram a three-phase motor. 


The synchronous switch serves to alternate the direction 
()‘‘Proposed Basic Impulse Insulation Levels for High-voltage Systems,”’ 


by J. E. Clem, J. R. Meador, Rudge, and A. H. Powell, AJEE Trans- 
actions, vol. 69, part 2, 1950, pp. 953-960. 
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of the surge through two phases of the motor winding. 
The third phase is connected to the oscilloscope through 
an adjustable-ratio capacitance voltage divider; there- 
fore the waves shown on the screen are the resultants of 
the wave at the neutral and whatever is induced in the 
third phase. If the two phases are exactly alike, the 
waves on the screen for either direction of surge travel 
will also be the same and a single standing wave will be 
observed. If a fault of some kind is present to upset the 
symmetry of the winding, the two waves will not be 
the same, and two standing waves of differing amplitude 
and shape will be seen. 


Single-phase Motors 

For checking single-phase motors an extra similar 
motor is provided as a standard. Then the winding of 
one is compared to the similar winding of the other in 
the same way that the two phases are compared in the 
three-phase motor. 

This method is sensitive enough to indicate even a 
single-turn short circuit in motors rated about 1/10 
horsepower and above. Smaller motors, having a 
greater number of turns of fine wire, will require several 
turns to be short-circuited to produce a definite indi- 
cation. Other faults, such as grounds or coil-to-coil 
short circuits, produce so much more change in im- 
pedance that the divergence of the two waves will be 
much greater in both amplitude and shape. Intermit- 
tent faults and/or corona can also be clearly seen be- 
cause of the high writing speed of the oscilloscope. 
Since the beam-accelerating voltage is 8000 volts, the 
trace is bright even at the 30-per-second repetition rate 
when the waves are divergent. 

A hand-operated four-position selector switch is 
provided to test any pair of the three phases and to 
show on the fourth position the applied wave shape. 
This applied wave has a front of about 0.25 micro- 
second falling off at a rate determined by the impedance 
of the winding. The associated current wave is a half- 
cycle ending at zero. At this point the thyratron cuts 
off, leaving the 0.05-uf surge-generator capacitor 
charged to about 80 per cent of its original voltage but 
with positive polarity, and the motor winding to oscil- 
late at its own natural frequency. 

Most users operate the tester at about 3000 volts 
crest output for 110-, 220-, and 440-volt motors. 
However, the trend seems to be to raise this level as 
better insulations are developed or when the utmost in 
reliability is necessary. It is also customary to make the 
test, once the connections are made, as fast as the 
operator can decide on the indication shown on each 
position of the selector switch. This should not take 
more than 15 seconds or so for an experienced operator. 
If connections are automatically made to bus bars on a 
conveyer, about 200 motors an hour can be tested. 


Testing Cotls 


A motor winding, having distributed inductance and 
capacitance effects, looks like a transmission line to the 
applied surge. Since it takes time for the wave to 
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progress through the winding, the potentials deve 
across each coil add up to a value greater th 
applied potential. It was found that the voltage AC 
the first coil was between 25 and 40 percent of 
applied voltage, with attenuation to a minimu 
percent near the far end. Assuming a 440-volt m 
with 12 coils per phase, the 60-cycle crest voltage 
coil is 30 volts. Further assuming 3000-volts st 
applied, 6 percent of this is 180 volts, or 6 times o 
ating voltage, while 25 percent on the first coil we 
be 750 volts, or about 25 times operating voltage. 

A number of these testers have been built, 
practically all of them are still in service. One 
the most popular applications is in testing hermetic 
sealed refrigerator motor windings. The General E 


: 
SWEEP 
CIRCUIT 


OSCILLOSCOPE 


SYNCHRONOUS 
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Fig. 2. 


—— | 


Diagram of surge-generator and output circuits of 10-kv tes: 


; 
tric Company tests all of its production in this categ 
as well as washing-machine motors and larger mos 
with this tester. Other large companies also h 
adopted it and consider it a necessity for maintait 
high standards of quality. ri 

As previously stated, the 10-kv tester is limite¢ 
motors rated up to 2000 hp, 2300 volts. Howe: 
there is no fundamental barrier to designing “te 
suitable for the largest machines if the demand d 
should arise. f } 


4-kv Automatic Type 

This tester is intended to be a high-produchiaiaa 
matic unit for use where large numbers of one t} 
motor are produced. It can be visualized as consisi 
of a standard relay rack-type cabinet 19 in. by 36 
with three panels. The bottom panel contains the . 
generator. The central panel contains a number 
relays that change the connections to the motor int 
same way that the selector switch changes them in: 
10-kv tester. The top panel contains the indicator ! 
rejector circuits which function when a faulty me 
is found. Such a motor is marked for future refere 
with a drop or two of colored solvent, dropped on: 
motor frame by a solenoid valve. 2 | 

For full advantage of the maximum rate of 
motors per minute, it is necessary to move the mo. 
past the tester on a conveyor. The motors are ple 
on individual pallets and are connected to the tl 


: Sepenbet 


hes mounted on each pallet. Asa pallet moves into 
test area these brushes make contact with three 
bars, and the cycle of tests is started by a limit 
ea. 

he operation of the tester is continuously indicated 
4 peak voltmeter, which shows the surge voltage 
ut, and by signal lights showing the relay positions. 
re is also a double-throw switch for changing to 
ual control, in which case the relays can be oper- 
by a push button. Two other buttons are provided 
‘hecking the rejector circuit. 

IG. 5 shows a simplified diagram. As in the 10-kv 
, the surge generator operates 60 times per second. 


TEST AND 
STANDARD 
MOTORS 


INDICATOR 
AND 
REJECTOR 
CIRCUITS 


Diagram of 4-kv automatic winding-insulation tester 


“Fig. 3: 


apacitance of 0.1 yf discharges through the thyra- 
into two parallel circuits, each consisting of a 50- 
-Tesistor, a motor winding, and a reactor. One of 
e motor windings is, used as a standard for com- 
30n with the winding being tested. The two reactors 
ilso similar, and serve to provide surge potentials 
the indicator circuits. Any departure of the test 
or from perfect similarity to the standard motor 
change the surge voltage across its reactor, causing 
inbalance of reactor voltages that is amplified to 
he rejection circuits on their cycle of operation. 
tivity is sufficient to reject a motor with one 
t-circuited turn. In addition to the surge test, this 
pment applies a 24-volt 60-cycle continuity test to 
vinding at the start of the test cycle. If there is an 
circuit in the motor, the rejection circuit is acti- 
d and the surge test is not applied. 

hile the simplified diagram shows only one winding 
he test motor, actually the tester has six terminals 
he connection of running and starting windings of 
e-phase motors. These same six terminals can be 
to connect in a pair of three-phase motors, and 
would receive correct sequence of surge applica- 
without any change in the relay circuits. 


Krmature Type 

is tester, shown on the Cover, is similar in prin- 
to those described previously but is designed to 
very low impedance loads such as traction-motor 
tures. Such armatures have impedances of less 


one ohm between adjacent segments, and to build . 


surge voltage of 500 volts, bar to bar, requires a 
current of several thousand amperes. Since thyra- 
ot reasonable size are limited to several hundred 
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amperes peak current rating, a pair of ignitrons may be 
used to control these currents. 

The diagram of connections is shown in Fic. 4. The 
surge-generator capacitance is 0.5 wf; voltage is adjust- 
able in 2 percent steps up to a maximum 7500 volts. 
The capacitor is charged on each negative half-cycle 
from the power transformer and discharged on each 
positive half-cycle. 

Two ignitrons connected back to back provide a 
two-way path for the oscillatory surge current. These 
ignitrons are both fired soon after the beginning of the 
positive half-cycle by their individual firing circuits. 
The circuits are generally similar to those used in other 
ignitron applications; they generate a positive current 
pulse of about 30 amp peak and 500 microseconds dura- 
tion. As the ignitrons vary from 20 to 60 microseconds in 
starting their cathode spots, it is necessary to advance 
slightly the firing of the inverse ignitron to insure its 
being ready when the inverse surge current comes along. 
This is done by adjusting the relative 60-cycle modula- 
tion of the firing-circuit thyratron grids. 


Safety for Operator 


The surges are applied to an armature winding by 
means of a contact mechanism held by the operator. 
Contact is made to adjacent segments and maintained 
only long enough for the operator to glance at the 
oscilloscope screen to see if the wave is of correct ampli- 
tude. The mechanism is held with both hands. Each 
handle contains an interlock switch connected in series 
to insure the safety at the operator’s hands when the 
surge voltage is on. The leads to the mechanism con- 
sist of five coaxial cables in parallel for the surge, 
another coaxial cable to take deflection voltage from 
the commutator to the scope, and a two-wire cable for 
the interlocks. These are twisted together to form a 
flexible cable about 34 in. in diameter. 

For a complete test it is necessary to contact each pair 
of segments of the commutator in succession. The wave 
seen on the oscilloscope is a highly damped oscillation, 
but a resistance voltage divider can be set on any one of 
nine ratios to make the deflection of readable size for any 
particular voltage. A reduction in amplitude indicates 
either a ground or a short-circuited turn. If it is a 
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Fig. 4. Diagram of d-c armature tester 


ground, the amplitude should return to normal when 
the ground is removed from the armature core. 

The d-c armature tester can also be used to surge- 
test series field coils and a-c stator coils up to the size 
used in 10,000-kva turbine generators. Another set of 
leads, with test-clip terminals, is furnished for such 
tests. The tests on stator coils can be made either 
before or after installation, and the maximum surge 
voltage of 7500 volts is available for the purpose. 


Induced-voltage Type 

The induced-voltage coil tester was designed for fast, 
nondestructive testing of coils. Since the test voltage 
is induced, the test coil receives a uniform turn-to-turn 
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Fig. 5. Test table for induced-voltage tester, designed to test coils rated as 
high as 6500 volts per turn 


voltage. Pulse operation of the exciting circuit permits 
attainment of the requisite high turn-to-turn voltages 
in the test coil with a relatively small power supply 
having low average power consumption. Induced-surge- 
voltage testers have been used for many years. A recent 
design, shown in Fic. 5, tests coils rated up to 6500 
volts crest per turn. Coils of a wide range of sizes can 
be handled, and the lighter ones can be stacked up 
five or six high on both legs of the test core for simul- 
taneous testing. 

Fic. 6 is a diagram of an induced-voltage tester. The 
control cabinet contains the voltage-control circuits, 
voltage-measurement circuits, failure-detection circuits, 
switching circuits, etc. This portion of the equipment 
is low-voltage and is normally located outside the high- 
voltage area but adjacent to it. 

The test table supports the coils during test and has 
mounted on and under it the exciting cores and coils, 
the air-lift equipment for the exciting cores, and the 
high-voltage circuits. Separate low- and high-voltage 
cores and exciting circuits used for the wide fange the 
tester covers should be located in an interlocked cage 
for protection of personnel. 
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The coil to be tested is placed over one leg : 
primary core. Primary windings of this core are exc 
by discharging a 0.05-yf capacitor into it five ti 
per second. A thyratron is used to discharge the cap 
tor in the low voltage ranges (up to 1000 volts per tu 
The trip circuit for the thyratron is synchronized V 
the 60-cycle line voltage for consistent tripping. In 
higher voltage ranges a rotary gap is used with a la: 
capacitor (0.25 wf). The gap is driven by a synchror 
motor for correct timing. ; 

By the use of a tertiary winding on the primary ¢ 
a volts-per-turn indication is obtained. For every : 
batch of coils the turn-volt indicator is calibrated y 
the end-turn voltmeter, a non-polarity-conscious ¢ 
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Fig. 6. Diagram of an induced-voltage tester | 


all the remaining coils. it 
A failure detector picks out faulty coils. Its core 4 
front of the primary core, so that the test coil é | 
the two. This device is capable of detecting small ar 
short circuits, only one of which is required to cau: 
fault. Some kind of an alarm system can be usec 
notify the operator that a fault is indicated. . 
The induced-voltage tester has been used successf 
in finding all faulty coils before they are installed, 
plans are under way to use it to test coils in finis 
windings in machines that are not too large to 
brought to the tester. In such a test the surges w¢ 
be applied conductively rather than inductively. — 

4 

Ignition-coil Type ; 
A modification of the 10-kv type, the ignition- 


tester has been used up to the present for tes 


ignition and magneto coils, but developmental wor 
under way to adapt it for testing such types as fr 
and transformer coils. The main points of differé 


Setenbot 


the 10-kv type are elimination of the synchronous 
elector switches, increase of surge-generator ca- 
ince to 0.5 uf, reduction of voltage to 1 kv, and 
ion of an ammeter to indicate RMS surge current. 
the surges are applied to the ignition-coil primary 
secondary voltage wave is shown on the oscillo- 
. Coil quality is judged by wave shape, wave 
tude, and ammeter reading. For checking other 
of single coils a primary surge winding is placed 
‘0 the test coil and a tertiary pickup coil is placed 
e other side. Voltage of the pickup coil is shown 
e oscilloscope and is influenced enough by condi- 
in the test coil to indicate single-turn short circuits 
oil having several thousand turns. 


voltage Repeating Surge Tester 
ester having 200-kv output at 60-per-second repe- 
rate has been applied to insulator testing. It con- 


sists mainly of a 7-stage Marx circuit with synchro- 
nously rotating gaps. The stages are charged through 
reactances to permit charging in a half-cycle. An 
oscilloscope is provided for showing the output wave 
shape. 


Summary 

The various types of winding-insulation testers de- 
scribed here are the results of steady progress over the 
past nine years or so. Wherever applied they usually 
showed a fairly high rate of rejection. This, however, has 
led to better manufacturing methods, by which rejec- 
tions were reduced to a small fraction of one percent, 
resulting in a more uniform and reliable product. Used in 
the development laboratory they have led to large 
savings by helping to devise more economical systems 
of insulation. Further developments along these lines 
may be expected in the future. 


GHTS AND SIDE LIGHTS 


Radioactivity Research at Richland 


J ed for cooling the huge atomic energy 
is regularly sampled to check radioactivity 
d- 


_person would have to eat, at a 
sitting, 100 pounds of Columbia 
salmon caught just below the Han- 
ttomic Energy Works at Richland 
.), to take into his body a noticeable 
t of radioactive material resulting 
peration of the Works. Even that 
t is not considered necessarily 


plant’s operations atomic energy 
‘in great reactors, or atomic fur- 
to make plutonium. Cooling water 
the Columbia River is pumped 
| the reactors and is later returned 
‘iver, but only after its radioactivity 


2 


=n reduced almost to the vanishing 


ddition to studies of the river water 


nhabitants, some 25,000salmon are 


hatched and specially raised in the plant 
each year. Since the water in which these 
test fish are raised has a much higher 
radioactive contamination than any actu- 
ally released, it is expected that this work 
will yield information valuable for future 
builders of atomic plants. It is not the 
water itself but dissolved minerals that 
become radioactive. At another plant the 
cooling water might come from a river 
with a different rate of flow and different 
percentages of impurities, which would 
make conditions quite different from those 
experienced here. 

Not only fish but land animals also are 
raised and studied. In gases discharged 
from an atomic plant there may be small 
amounts of radioactive iodine, some of 
which might be taken up by plants and 
eaten by animals. Accordingly, some 200 
ewes in an experimental herd are fed 
balanced diets of alfalfa, grain, and food 
pellets into which are inserted varying 
amounts of radioactive iodine. Even the 
ewes getting the maximum dose, an 
amount that would be fantastically 
large except in a laboratory, show very 
little effect. Animals receiving smaller 
doses are virtually unaffected. 

Over a year’s period 4000 samples of 
drinking water and 900 samples from test 
wells in the area are analyzed. 

Air samples are measured at the rate of 
12,000 per year, in addition to regular 
analyses of the continuous readings made 
by automatic recording devices in perman- 
ent stations. These surveys have shown 
that the plant has no ill effects whatever 
on its surroundings. The amount of radio- 
activity which gets outside the plant adds 
only slightly to that present normally 
anywhere, no matter how far from either 
an atomic plant or a deposit of natural 
radioactive material. 
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Above comparison shows the savings in 
space and materials made possible by 


the use of silicone-treated Quinterra. 
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licone-treated 


“Dita 


TYPE 3 


.a purified ASBESTOS high-temperature sheet insulation with 
portant advantages for electrical equipment manufacturers 


Silicone-treated Quinterra Type 3 
is a high grade, Class H dielectric 
suitable for both interlayer and 
wire-wrapped insulation. It has out- 
standing moisture-resistance, high- 
temperature stability, and electrical 
characteristics— plus flexibility and 
adequate strength. Its unique com- 
bination of properties points the 
way to even greater compactness 
and even higher overload limits in many types of 
electrical devices. . . including air-cooled, inert gas 
and silicone-filled transformers. 


High thermal-dielectric characteristics 


Quinterra Type 3, like all treated Quinterras, is 
made from a completely inorganic base sheet of 
purified asbestos. The base sheet is of closed struc- 
ture, has no holes, and has an inherent dielectric 
strength of at least 200 VPM. The silicone-treated 
base sheet maintains a dielectric strength of at least 
350 VPM under continuous exposure to Class H 
maximum temperature of 180°C. The silicone treat- 
ment also provides high moisture resistance so the 
dielectric strength remains practically constant even 
under conditions of continuous high humidity. 


*Quinterra is Johns-Manville’s registered trade mark 
for its purified asbestos electrical insulation. 
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Excellent physical properties 


Quinterra Type 3, is highly uniform in both texture 
and thickness—an important advantage in product 
design. Winding dimensions can be predicted accu- 
rately and much work can be eliminated in the final 
assembly. Quinterra is extremely flexible and very 
resistant to cracking or crazing. Actual use has 
proved that this insulation has sufficient mechanical 
strength for economical application in many electri- 
cal and electronic units. 


Good laminating qualities 


Like other Quinterra insulations, the new Type 3 
may be successfully combined with other dielectric 
materials. It may be bonded to other inorganic ma- 
terials such as mica or glass cloth. 


Available forms 


Quinterra Type 3 is supplied in sheets, rolls or tapes. 
Widths—l4” to 36”—can be cut to your specification. 
Available in various thicknesses from 3 to 9 mils. 


If you have a problem you believe silicone treated 
Quinterra Type 3 might solve, you are invited to 
consult our staff engineers. We will gladly supply 
samples and additional information. Write Johns- 
Manville, Box 290, New York 16, N. Y. 


Tempilstik 


“h simple 
method of 
determining | 
safe operating * 
temperatures 
for 
e BUS BARS 
@ POWER TUBES 
¢ TRANSFORMERS 
and other electrical 
equipment. 
also in: 
MOLDING 
CASTING 
FORGING 
DRAWING 
HEAT TREATING 
WELDING 
FLAME-CUTTING, etc. 


It's this simple. Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it, When 
the Tempilstik® mark melts, 
the specified temperature has 
been reached. 


gives up 
to 2000 
readings 


Available in these temperatures (°F) 


Also available in pellet or liquid form 


FREE —While we cannot supply 


free Tempilstiks°, we will 
be glad to send you sample Pellets or 
sample Tempilaq® (liquid form) for trial 
under your actual working conditions. 
Be sure to state the temperature of 
interest to you. 

Booth C-117, National Metals Show 
Detroit, October 15-19 


S30 
Tempil® corp. 
132 WEST 22nd STREET 

New York 11, N. Y. 
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NeW PRODUCTS 


AND WHAT THEIR MAKERS 
HAVE TO SAY ABOUT THE 


Grinding Wheel Bond 


An XL grinding-wheel bond, designed 
especially for tungsten carbide tool sharpen- 
ing, promises time and cost economies. The 
bonded wheels can be used for offhand or 
precision grinding of carbide tools on milling 
cutters, broaches, reamers, counter bores, 
and other similar applications. Tough and 
long lasting, they provide cutting action 
that is both cool and fast. The wheels can 
be-supplied in either the straight or cup 
wheel sizes, with steel backs.—Chicago 
Wheel and Manufacturing Co., 1101 West 
Monroe St., Chicago 7, Illinois 


Power-tool Kit 


A portable power-tool kit containing a 
complete 14-in. electric drill-attachment 
combination with a 4-in. portable saw 
attachment, for electrical servicemen and 
maintenance men. Every device for a pro- 
fessional job of drilling in metal or wood 
polishing, buffing, sanding, wood cutting, 


or liquid mixing is included in the kit. The - 


drill is built to withstand hard usage.— 
Kapner Hardware, Inc., 2248 Second Ave., 
New York 29, N. Y. 


Capacitors 


A line of 100-volt thin-paper tinfoil 
capacitors, with double the capacitance but 
designed into the same capacitor space. For 
applications where an expected life of 1000 
hr is satisfactory, the rating can be increased 
to 150 volts, and temperatures to 40 C. 
They will not introduce noise into the sys- 
tem and will pass signal voltages approach- 
ing zero. Although primarily intended for 
d-c application with ripple voltages in ac- 
cordance with JAN-C-25, they will with- 
stand occasional heavy discharges. They 
can also be used in low-voltage a-c circuits 
under many conditions.—Transformer and 
Allied Product Divisions, General Electric 
Company, Pittsfield, Mass. 


Isotope Ratemeter 


A laboratory-quality counting ratemeter, 
Model 524, for detecting and measuring 
alpha, beta, and gamma radiation. Six 
ranges of counting rates are provided: 0-300; 
0-1000; 0-3000; 0-10,000; 0-30,000; and 
100,000 counts per minute. Readings are 
indicated on a large illuminated meter. A 
three-position time-constant switch and an 
enclosed loud-speaker for aural monitoring 
are important components. A scintillation 
counter can be used with the instrument, 
and the probe provided can be easily 
adapted for using various specialized counter 
tubes.—Victoreen Instrument Co., 5806 
Hough Ave., Cleveland 3, Ohio 


Electronic Controller 


An electronic displacement indicator and 
controller, Type 131, for use in conjunction 
with Schaevitz linear variable differential 
transformers, and Schaevitz pressure trans- 
mitters. It can be used as a controller or 
indicator, or both simultaneously. The range 
of displacement control is +0.001 in. to 
+1.0 in., and displacements of greater than 
+1.0 in. can be handled by mechanical 
leverage. Pressure control is available in the 
range from 0 to 10,000 psi. Accuracy of the 
instrument is +2 percent. Loads requiring 
up to 40 amp can be handled by the internal 
relays; for greater loads, external contactors 
can be used.—<Sterling Instruments Co., 
13331 Linwood Ave., Detroit 6, Mich. 


GENERAL ELECTRIC REVIEW 


G-E RELAYS 
HAVE MANY ELECTRONIC 
EQUIPMENT APPLICATIONS 


Because they’re available in so 
many forms—with up to eight poles, 
and in any combination of nor- 
mally open and normally closed 
contacts—these CR2810-A11 relays 
have many electronic-circuit appli- 
cations. Tips can easily be changed 
: — : from normally open to normally 
ed, without additional parts, to accommodate circuit modi- 
ions. They’re rated to carry 10 amps a-c. Construction 
ures are shown in Bulletin GEA-5154. 


i 


Capacitors Indicating lights 
Transformers Control switches 
Pulse-forming networks | Generators 
Delay lines Selsyns 
Reactors Relays 
*Thyrite Amplidynes 
Motor-generator sets Amplistats 
peneaat Inductrols Terminal boards 
ee Resistors | Pushbuttons 


A partial list of the thousands of items in the 
complete G-E line. We'll tell you about them 
each month on these pages. 


Components 


Meters and instruments 


Voltage stabilizers 
Fractional-hp motors 
Rectifiers 


EQUIPMENT FOR 
ELECTRONIC MANUFACTURERS 
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Timers 


Photovoltaic cells 
Glass bushings 
Dynamotors 


Development and 


minimize most of the hazards of high-potential testing, this 4 
Production Equipment 


insulation tester limits output current to 5 milliamperes 
imum, considerably below the “let go” level. As a result, 
can use this hi-pot tester without the usual interlocks, cages, 
afety barriers. Testing is non-destructive—flashovers cannot 
n insulation or damage equipment. Weighing only 22 Ibs., 
unit can easily be carried between test locations. Range: 
» 3500 volts RMS. Send for Bulletin GEC-700. 


Soldering irons 
Resistance welding control 
Current-limited high-potential tester 
Insulation testers 
Vacuum-tube voltmeter 
Photoelectric recorders 
Demagnetizers 


ae 


KEEP 
__A STEADY 
~ 115 VOLTS 


*Reg. Trade-Mark of General Electric Co. 


CURRENT-LIMITED HIGH-POTENTIAL TESTER — 

FOR GREATER SAFETY IN INSULATION TESTING 
| 
| 
| 
| 
| 
| 
| 
| 
| 


WITH THESE General Electric Company, Section C667-17 | 
‘STABILIZERS Schenectady 5, N. Y. 
ae Please send me the following bulletins: 

Indicate ( ) GEA-3634 Voltage stabilizers | 

(V) for reference only ( ) GEA-4996 Capacitor networks | 
f (x) for planning and ( ) GEA-5154 CR2810-A11 Relays | 
ugh line voltage may fluctuate anywhere between 95 to 130, immediate project (ag) eee Rese pe eae 
E voltage stabilizer will keep input to sensitive equipment ; Sete pabrates : Se ots 
steady 115 volts. By means of a special transformer circuit 
> units maintain this output within +1% for fixed, unity- Name 
er-factor loads. Fast response restores normal voltage within Conrpeats : 

2 cycles. Certain units—15, 25, and 50 va—are small enough eae 
aches high by 9 inches long) to mount on radio or electronic | 
ument chassis. Other standard ratings to 5000 ya are avail- City State | 
for larger installation. Write for Bulletin GEA-3634. (epee en ee ee Sheahan 18 is bak | 
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TRADE LITERATURE 


CARBON BrusHES—A bulletin titled ‘‘Car- 
bon Brushes for Electric Equipment’’ covers 
the fundamental considerations given to the 
design, application, and manufacture of 
carbon brushes, and includes a section on 
brush terminology. Details are given of the 
engineering services offered to help solve 
specific brush problems. Twenty-eight 
pages. GEA-5597.—A pparatus Department, 
General Electric Co., Schenectady 5, N. Y. 


COMMUNICATIONS SysTEMS—A_ brochure 
pictorially presenting typical communica- 
tions systems now in use which can be co- 
ordinated into a dependable emergency com- 
munications network in any community. 
Listed are specialists throughout the coun- 
try who are available without charge to 
analyze existing communications systems 
and suggest methods of forming them into 
a single network to operate in any peace- 
time or wartime emergency. Twelve pages. 
G93-122.—Advertising Division, Dept. N-5, 
General Electric Co., Electronics Park, Syra- 
cuse, New York. 


DRILLING Macuine—Illustrates and de- 
scribes Model 3660 drilling machine for 
precision layout, drilling, and reaming of 
holes. Operational photographs are shown 
in color. Eight pages. Catalog DM.—Wales- 
Strippit Corp., 345 Payne Ave., North 
Tonawanda, New York. 


ELECTRONIC COMPUTER—“Tda,”’ an elec- 
tronic slide rule, is described as a compact, 
inexpensive, electronic analog computer. Its 
simple operation is explained, and impor- 


tant advantages given. Four pages.—Com- 
puter Corporation of America, 149 Church 
St., New York 7, N. Y. 


INSTRUMENTS—Four publications present- 
ing recent developments in the instrument 
field: ‘‘Protectoglo Combustion Safeguard 
for Industrial Gas-fired and Oil-fired Burn- 
ers; Thirty-two pages; Catalog 9601. 
“Electronic Potentiometers; thirty-six 
pages; Catalog 15-15. ‘‘Brown Servo Ampli- 
fier System Provides High Sensitivity with 
Extremely Low Stray Level;” four pages; 
Data Sheet No. 10.20-3. ‘‘New Apparatus 
Provides Process Control by Measuring 
Refractive Index;” four pages; Data Sheet 
No. 11.0-4.—Minneapolis-Honeywell Regu- 
lator Co., Brown Instruments Div., Wayne 
and Windrim Aves., Station 40, Philadelphia 
4h, Pa. 

METALLOGRAPH AND OpticaL Parts—A 
visual demonstration of the Balphot metal- 
lograph with its four types of illumination 
and Magna-Viewer projection screen. Twen- 
ty pages. Catalog E-232. Another catalog— 
on optical parts—is one to be consulted by 
engineers and designers in the initial stages 
of instrument development to avoid the 
higher cost of tailor-made optics. Make 
requests on company letterheads. Sixteen 
pages. Catalog L-117—Bausch & Lomb 
Optical Co., Rochester 2, New York. 


SyncHronous Morors—A complete de- 
scription of the facilities for manufacturing 
small synchronous motors, timers, instru- 
ment movements, and electric clocks. It 
covers the engineering and research staff 


aa es 


and facilities; its personnel, training — 
ability; its model, tool, and die shops; m 
production facilities; and assembly- 
setup. Another section covers the produ 
Copies can be requested by interested e: 
utives. Twenty pages.—Telechron ] 
Ashland, Mass. ; 


THREAD INSERTS—Covers design data 
helical-wire thread inserts and their us 
the protection and repair of tapped ho 
as original manufacturing components, 
production salvage operations, and 
maintenance operations. Tabular data ¢ 
basic insert lengths, drill sizes, specif 
tions, and thread gages. Sixteen pa; 
Bulletin No. 650-R.—Helt-Coil Corp., 
23 Thirty-fifth St., Long Island City 1, I 
York. 


TESTING MacuinEs—Describes a line 
Super L hydraulic testing machines 
tension, compression, transverse, and flex 
testing. Details of the electronic Selectora: 
Indicating system are given, as well a 
description of an electronic recorder. Et 
pages. Bulletin 40.—Tintus Olsen Tesi 
Machine Co., 1086 Easton Road, Wii 
Grove, Pa. : 


VISCOMETER—A packet designed to prov 
up-to-date information on viscometers 3 
the general subject of viscosity. The f 
types of viscometers described are adaptz 
to various kinds of viscosity proble' 
Eight pages, together with Price List ; 
Data Sheet 034.—Brookfield Engineer 
Laboratories, Stoughton, Mass. 


” 
«++ PANELS UP TO 25 WIDE 


IN YOUR OWN SHOP WITH THE 


NEW ENGRAVOGRAPH 


Portable Model 1-S 


NEW CERAMIC COIL FORM KIT 


To spark ideas i 
developing electron: 
equipment and 1 
furnish units for pré 
totypes and pild 
models, the Can 
bridge Thermioni 
Corporation A 
offers this convenier 
new Coil Kit contain 
ing standard, mé 
produced cerami 
coil forms. 


ln 


b 
The Kit contains 3 each of the following 5 C.T4 
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Ce The only portable machine which reproduces 
15 sizes from one master alphabet. 


The only one with adjustable copy holding 


Send for Booklets A “1 ° ° 
slides for multiline engraving in one set-up. 


1-S45—portable model 


H-AS—heavy duty model Self-centering holding vise for nameplates. 


new hermes 


NEW HERMES, Inc. narra 6 


13-19 University Pl, N. Y. SINS Ye 
CANADA: 359 St. James St., Montreal 


World's Largest Manufacturer of Portable Engraving Machines 
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ceramic coil form types: LST, LS5, LS6, LS7, LS! 
Winding diameters vary from 3/16’ to 1/2”, and | 
mounted heights from 19/32’ to 1 11/16’. Each is « 
grade L-5 silicone impregnated ceramic, with a pov 
dered iron slug for high, medium and low frequenc’ 
Alternate slugs are also furnished of silver-plate 
brass. All necessary hardware is non-ferrous and ele! 
troplated to military specifications. A color-codé 
chart simplifies slug-identification and gives approx 
mate frequency ranges and permeabilities. , 


C.T.C. also offers expert consulting service — witl 
out cost — on your component problems. Write in. - 


CAMBRIDGE THERMIONIC CORP. s 
462 Concord Ave., Cambridge 38, Masi 
; 


rae 
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MALLORY 
TUNGSTEN CONTACTS 


Although all Mallory tungsten is 
chemically the same, the size, shape 
and distribution of the grain particles 
are carefully controlled, since these 
factors vitally affect its electrical and 
mechanical properties. Mallory will 
gladly work with you to find the 
right contacts to meet your specifica- 
tions. Write today. 


Mallory Contact Finish 
Brings Laboratory Standards 


To Production Operations 


The Mallory “E-Treat’” finish is one of the many ways in which 
Mallory metallurgical developments are improving performance and 
reducing costs of electrical contacts. 


A typical example is the real help provided by Mallory for a manu- 
facturer of automotive equipment who faced the problem of excessive 
failures of tungsten contacts. The application involved a critically 
heavy electrical load with light contact pressure. Mallory contacts 
with “‘E-Treat” finish . . . a chemically pure, highly polished face. . . 
were tested and enthusiastically approved. The “E-Treat” finish 
afforded lower contact resistance and less material transfer... 
tripled the minimum contact life. What is more, the Mallory contacts 
cost less than those formerly used! 


That’s value beyond expectation! 


Mallory contact know-how is at your disposal. What Mallory has 
done for others can be done for you! 


In Canada, made and sold by Johnson Matthey and Mallory, Ltd.,110 Industry St., Toronto 15, Ontario 


Electrical Contacts and Contact Assemblies 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, 
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SERVING INDUSTRY WITH 


Electromechanical Products 


Resistors Switches 
TV Tuners Vibrators 


Electrochemical Products 
Capacitors Rectifiers 
Mercury Dry Batteries 


Metallurgical Products 


Contacts Special Metals 
fede selbles Welding Materials 
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One of two Synchronous Condensers, Outdoor type hydrogen-cooled, rated 
48,000 kva, 13,800 volts, 720 rpm, built at Peterborough Works, of 
Canadian General Electric Co Ltd and installed at a large 
transformer station of the H.E.P.C. of Ontario. 


T 2 FACTORIES manufacture G-E products. 


27 
31 


LIMITED 


Head Office - Toronto—Sales Offices from Coast to Coast 


IN ciate ues 


SEXTON CAN COMPANY: 


Incorporated 


Everett Massachusetts 


WAREHOUSES provide a convenient 
source of supply from coast to coast. 


SALES and ENGINEERING OFFICES 
give complete nation-wide sales service. 


CANADIAN GENERAL ELECTRIC COMPANY 


Ash Barrels 
Kitchen Waste Cans 


CAPACITOR CASES 


Open and 


both Fabricate 


METAL STAMPINGS 
SPECIAL SHEET METAL WORK 


ALEXANDER HAMILTON INSTITUT 


IN THIS ISSUE ON PAGE 11 


Manufacturers of 


Underground Garbage Receive 


d and Deep Drawn 
FIVE GALLON 


Containers _ 


NEW ADVERTISER 


(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) at 


HANDBOOK OF EXPERIMENTAL STRESS AN- 

ALYSIS 
M. Hetényi, Editor-in-Chief—John Wiley 
& Sons, New York. 1950. 1077 pp. $15.00. 

This remarkable handbook is of value to 
the laboratory man, because he will find 
detailed instructions on how to apply the 
various methods of experimental stress 
analysis. It is of value also to the design 
engineer, since it summarizes the experi- 
mental methods being made available, and 
so tells him about the possibilities of deter- 
mining the stresses in his design. 

As stated in the book, the object of 
Experimental Stress Analysis is the deter- 
mination and improvement of mechanical 
strength of structures and machines by ex- 
perimental means. The means described are 
mechanical gages, optical and electrical 
stress-measuring methods, x-ray methods, 
photoelasticity, and brittle coatings. The 
book also gives instructions for the use of 
strain rosettes for finding biaxial stress 
fields, the use of structural model analysis, 
and the interpretation of service fractures. 

Each chapter begins with the elementary 
theory and then works into the main body 
of the field. An extensive bibliography is 
attached to each chapter which will allow 
for the filling in of the information and the 
details not given in the book. However, 
most chapters, such as those on Strain 
Rosettes and Interpretation of Service 
Fractures, are so complete that the study of 


64 


additional literature will hardly be necessary 
for the reader. 
R. O. FEHR 


MECHANICAL ENGINEERING LABORATORY 


Charles W. Messersmith and Cecil F. 
Warner—John Wiley & Sons, New York. 
1950. 160 pp. $3.50 (Paper-bound) 


This book, in a very concise and to-the- 
point manner, presents the fundamental 
theory, formulas, characteristics, and other 
information necessary in using both the 
measuring instruments and apparatus nor- 
mally associated with a mechanical-engi- 
neering laboratory in the performing of 
experiments and writing of engineering 
reports thereon. 

The chapters devoted to the measurement 
of mechanical quantities—specifically pres- 
sure, temperature, power, and flow—are of 
general interest to any engineer or engi- 
neering student interested in measuring 
these quantities by the use of basic in- 
strumentation. The chapter having to do 
with heat transfer is brief but covers the 
three methods of heat transfer as well as 
combinations thereof. The portion describ- 
ing such mechanical-engineering laboratory 
apparatus as stationary steam- bpieyine re 
units, internal-combustion engines, etc., i 
of limited interest. 

Each chapter contains references to 
ASME test codes and to mechanical- 
engineering handbooks. The ten or so 
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qi 
problems at the end of each chapte 
excellent for the mechanical-engin' 
student. 


All this is contained in a pap 5 
book 8 x 1114 inches. 
K.R. 


WINDING ALTERNATING-CURRENT 
MACHINES 


Michael Liwschitz-Garik and Celso ( 
lini—D. VanNostrand Co., New 
1950. 766 pp. $8.50. 


Following carefully illustrated defini 
the book presents tables and diagrar 
the connecting or reconnecting of a 
variety of alternating-current win 
Clarity is obtained by emphasis on me 


of connecting phase groups i 


tinction between integral and 

slot cases. Designers will appre 
exposition of procedures for determinit 
grouping of fractional slot cases, 
balanced and unbalanced, though rt 
may occasionally differ with the au 
conclusions. A wider treatment of the 
tion of windings with ‘‘cyclic shift” 
method for determining their distril 
factor would seem desirable. The inc 
of certain graphical methods of consi 
coil groupings (for example, see items ! 
14 of the bibliography) might cause 
engineers to be interested in this faset 


subject. i 
D. E. BRA 


a 


NAS 


). Kraus—McGraw-Hill Book Co., 
ork. 1950. 553 pp. $8.00. 


is a detailed, comprehensive treat- 
f antennas and antenna theory. The 
: presentation is such that although a 
nowledge of electromagnetic theory 
part of the reader is desirable it is not 
iry. The text, at points, is lacking in 
isness of approach; as the book is 
ely well referenced this is not of 
importance. Except for a few sec- 
each part is self-explanatory and 
ot presuppose a detailed knowledge of 
us sections. 
1 topic is presented by giving a large 
r of examples illustrating special 
ind ultimately presenting the general 
very large number of examples con- 
¥ specific: antenna types are given 
hout the book, and many of the 
tabulated. The topics presented 
a comprehensive coverage of all 
of antennas. 
book should prove to be an excellent 
ice book for the practicing engineer 
i intermediate text for the student of 
las. 
R. L. SHUEY 


LOPEDIA ON CATHODE-RAY OSCILLO- 
ES AND THEIR USES 


F. Rider and Seymour D. Uslan— 
?. Rider Publisher, New York. 1950. 
». $9.00. 


; single-volume encyclopedia of ap- 
1ately 1000 pages is well characterized 
-radioman when he remembers Mr. 
s Trouble Shooter’s Manuals. 

electronic engineer will make time- 
-teference to the circuit schematics 
arts lists for all types of cathode-ray 


Shock and Vibration 


i! Research Measurements 


—_ 
etering Geophysicat 
ations Explorations 


mpex special-, — 
res in designing 
manufacturing custom- 
buile recording equipment to 
eet your requirements. A few 
of the many proven applica- 
tions are illustrated. 


oscilloscopes manufactured between 1940 
and 1950. About half the book is devoted to 
a clear-cut description of the principles of 
cathode-ray tubes and a circuit-by-circuit 
breakdown of the basic oscilloscope and its 
modifications. 

A valuable treatment covers typical 
cathode-ray oscilloscope usage such as: IF 
visual alignment, phase and frequency 
measurements, transmitter tests, audio- 
frequency circuits. Seventy-nine pages are 
devoted to photographs of complex wave- 
form patterns with progressive harmonic 
content involving harmonics up to the 
eighth. 

P. C. GARDINER 


POWER SysTEeM StasiLity: Vol. [I—Power 
Circuit Breakers and Protective Relays 


Edward W. Kimbark—John Wiley & Sons, 
New York. 1950. 288 pp. $8.00. 


This second volume of a three-volume 
serial on Power System Stability covers 
power circuit breakers and protective re- 
lays. It has long been recognized that the 
transient stability of power systems is im- 
proved not only by the use of voltage regu- 
lators but also by faster clearing of faults 
and by more rapid reclosure of circuit 
breakers. Consideration of the latter fea- 
tures in a separate volume makes the book 
useful also to engineers primarily interested 
in power-system protection. When the 
synchronous machines swing with respect to 
each other or are out of step, the action of 
relays in opening unfaulted lines is con- 
sidered in detail both graphically and alge- 
braically. This last material has not ap- 
peared before in a text form. 

The book is well illustrated, contains 
numerous worked-out examples and com- 
plete bibliographies on the various topics. 

G. Kron 


MOBILE 


RECORDER > 
FOR INDUSTRY & SCIENCE 


PRECISION .<\ PERFORMANCE | 


AMPEX 
Performance Includes... 
e STANDARD MODELS 
to 80,000 cps 
e CUSTOM-BUILT MODELS 
to 100,000 cps 
e LOW FLUTTER MODELS 
less than 0.1% 
PEAK-TO-PEAK ! 
e LOW FREQUENCY MODELS 
0 to 5,000 cps (FM System) 


RECORDERS 


are available 
with 1 to 14 | 
tracks using 
Watt te vt? 
tape. 


GENERAL ELECTRIC REVIEW 


Just 
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THE 
NATURE 
OF 


POLYPHASE 
INDUCTION 
MACHINES 


By PHILIP L. ALGER 
General Electric Company 


NINE FEATURES 


1. Mirrors the author’s extensive 30- 
year background ‘of electric motor and 
generator design. 

2. Gives a thorough understanding and 
visual perception of the behavior of poly- 
phase induction machines by developing 
an equivalent circuit to represent the 
machines’ performance. 

3. Serves as a foundation for understand- 
ing all other types of rotating machinery. 
4. Includes in one volume the basic prin- 
ciples of electromagnetic phenomena and 
circuits. 

5. Carries through the concept of energy 
being received, stored, transformed and 
delivered throughout all phases of motor 
performance. 

6. Presents more complete and accurate 
formulas for reactance, power factor, 
locking and crawling torques, and mag- 
netic noise than ever before published. 
7. Provides an understandable introduc- 
tion to Kron’s basic work in generalized 
citcuit theory. 

8. Ties in all the formulas and results 
with practical American Motor Standards 
and uses. 

9. Presents all the formulas in simple 
algebraic or trigonometric form. 


One of a series written by GENERAL ELEC- 
TRIC ASSOCIATES for the advancement of 
engineering knowledge. 

Chapter Headings: Basic Principles . Circuit Anal- 
ysis « The Revolving Magnetic Field . The Poly- 
phase Induction Motor . Polyphase Induction 
Motor Performance Calculations . Design of In- 
duction Machines . Reactance Calculations 
Speed-Torque-Current Relations . Crawling and 
Locking . Magnetic Noise and Voltage Ripples « 
Rating and Application of Polyphase Induction 
Motors « Kron’s Generalized Equivalent Circuit. 


1951 397 pages $7.50 
Send coupon today for 10-day free examination 
Det icciewa vac cu non im 


APPROVAL COUPON 


JOHN WILEY & SONS, INC., Dept., GE-951 
440 Fourth Ave., New York 16, N. Y. 


I 
On 10 days’ approval, send Alger’s The | 
Nature of Polyphase Induction Machines. 1 

will remit $7.50 plus postage or return I 
book postpaid. (Offer not valid outside U.S.) I 


RS EPS elves, Sete be ek oe te rt eR 


City, Zone, State 


SAVE POSTAGE. We pay postage if you enclose 
$7.50. Money back on same return privilege. 
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ersatile switch simplifies 


control of huge hot strip mi 


ae See 


86 in. Hot Strip Mill, Kaiser Steel Corporation 


Another job matle easy by 


CONTROL AND 
TRANSFER SWITCH 


RED HOT STEEL STRIP races at nearly 1500 feet per family of SB-type switches. By varying the cam 
minute from the big mill of the Kaiser Steel Corpora- _finger arrangements and number of stages, des: 
tion at Fontana, California. Precision control of speed, engineers have utilized the General Electric SB-1-ty; 
tension, width, thickness and the flying shear which . 
cuts the steel “on the run” requires many circuit- 
sequence combinations. Sturdy General Electric SB 
switches provide the necessary versatility and assure 
reliable performance. FOR FURTHER DETAILS see your G-E sales represet 
THIS IS JUST ONE EXAMPLE of the thousands of con- _ ative, or write for Bulletin GEA-4746, Section 856-7 
trol installations made easy with the compact, versatile | General Electric Company, Schenectady 5, N. Y. _ 


switch, for example, with over 10,000 circuit-sequeni 
control combinations. Standard parts and simple bas 
design mean long life and dependable operation. 


856-76 
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